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Introduction 


| William H. Frishman, MD 


| 

recent symposium provided a forum in which in- 
A int known investigators and clinicians 

could review advances in the treatment of myo- 
cardial ischemia and hypertension by focusing on the 
calcium entry blocker nifedipine and its new formulation, 
the gastrointestinal therapeutic system (GITS). The pro- 
ceedings of the symposium have been reported in this 
supplement. 

The first half of this supplement is based on the sym- 
posium session at which the pathophysiology and treat- 
ment of myocardial ischemia were the primary issues. In 
the first article, George W. Vetrovec, MD discusses how 
concepts in the pathophysiology of myocardial ischemia 
1ave changed in recent years, and he reviews current 
»oncepts regarding the stable and unstable angina syn- 
lromes. He also discusses the role of calcium channel 
dlockade as an anti-ischemic therapy. Glen J. Kowal- 
‘huk, MD and Richard W. Nesto, MD follow with a 
eview of calcium channel blockers as myocardial protec- 
ive agents emphasizing their ability to maintain myocar- 
lial cellular integrity in the face of ischemia. 

Exercise-induced ischemia has been shown in clinical 
nstances to result in the phenomenon of “stunned” myo- 
ardium, which has been studied extensively in the canine 
nodel by Karin Przyklenk, PhD and Robert A. Kloner, 
MD, PhD. In this supplement, Przyklenk and Kloner 
lave explored what factors predict recovery of function of 
tunned myocardium in the canine model and review 
linical examples and the relevance of the concept of 
tunning. 

Focusing on clinical experience in angina, Killian 
‘obinson, MB and colleagues report on a study compar- 
1g nifedipine and diltiazem in patients with stable angina 
Iready receiving propranolol. Their report is followed by 
n update and discussion Neville Bittar, MD has pre- 
ared on his experience using the new formulation of 
ifedipine (GITS). In his study, nifedipine GITS was 
dministered once daily in patients with stable angina 
lready receiving 8-adrenergic blockade; the results doc- 
ment the safety and efficacy of this new formulation. 

The second half of this supplement is concerned with 
1e pathophysiology and treatment of hypertension. As 
ich, Kathleen G. Morgan, PhD and associates describe 
leir investigation of intracellular calcium ions in the 
athophysiology of increased vascular tone and systemic 
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‘om The Albert Einstein College of Medicine, Department of Medi- 
ne, Bronx, New York. 


hypertension. They present evidence suggesting that de- 
creased calcium ion concentration in the vascular smooth 
muscle cell will lead to a decrease in vascular tone and 
total peripheral resistance, and could possibly antagonize 
the growth response of the vascular smooth muscle asso- 
ciated with the secondary effects of hypertension. 

Rodger D. Loutzenhiser, PhD and colleagues review 
their in vitro studies assessing the effects of calcium chan- 
nel blockers on renal function. It appears that these drugs 
do not affect the vasodilated isolated perfused kidney; 
however, they alter the response of the kidney to vasocon- 
strictor agents. Calcium channel blockers may augment 
glomerular filtration by a selective vasodilation of pre- 
glomerular vessels. 

Returning to the clinical setting, Graham A. Mac- 
Gregor, MA reviews his vast experience with nifedipine 
to treat elevated blood pressure used alone and in combi- 
nation with 6 blockers and angiotensin-converting en- 
zyme inhibitors. He discusses how a high-salt diet may 
enhance the acute blood pressure-lowering effects of ni- 
fedipine. The drug seems to cause a long-term reduction 
in sodium balance. 

Randall M. Zusman, MD and colleagues report on a 
study comparing the effects of propranolol and nifedipine 
on left ventricular systolic and diastolic function in hyper- 
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tensive patients as assessed by first-pass radionuclide an- 
giography during rest and exercise. They observed that 
propranolol does not improve ventricular diastolic func- 
tion, whereas nifedipine improves both systolic and dia- 
stolic function at rest and peak exercise. 

Experiences with noninvasive ambulatory blood pres- 
sure monitoring in patients with recently developed hy- 
pertension are then reported by Robert A. Phillips, MD, 
PhD and associates. From their findings, it was suggested 
that ambulatory blood pressure monitoring may be a 
specific method for identifying patients with mild hyper- 
tension who have early and potentially reversible cardiac 
abnormalities. 
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Finally, William H. Frishman, MD and colleagues 
discuss an updated experience comparing the nifedipine- 
GITS formulation with sustained-release propranolol in 
patients with systemic hypertension already receiving: 
diuretics. The safety and efficacy of this new nifedipine 
formulation used once daily to treat hypertension is now 
well documented. 

The contributors to this supplement appreciate the 
opportunity to exchange their clinical and research expe- 
riences. The results of their studies demonstrate the use- 
fulness of calcium channel blockers, such as nifedipine 
and its new GITS formulation, in the treatment of myo- 
cardial ischemia and hypertension. 











The principal common pathway for myocardial 
ischemia is an oxygen supply-demand imbalance; 
recently, greater emphasis has been placed 


limitations of myocardial blood supply, as well 


significantly related to the pathophysiology of the 
underlying coronary lesion. Because myocardial 
ischemia often occurs without symptoms, clinical 
distinctions based on angina stability may more ap- 
propriately be represented by stable or unstable 
ischemic syndromes that incorporate silent isch- 
emia. Stable ischemic syndromes occur secondary 
to coronary plaques, whereas unstable syndromes 
are the result of active lesions caused by plaque 
rupture with local thrombus and vasoreactivity that 
produce intermittent critical decreases in coronary 
supply. The prognosis of patients with stable isch- 
emia is related to the extent of myocardium at jeop- 
ardy and overall left ventricular function. In con- 
trast, unstable syndromes are associated with a 
worse short-term prognosis, which may be predict- 
able by the presence of silent ischemia or left ven- 
tricular dysfunction or both. Therapeutic decisions 
based on an improved pathophysiologic under- 
standing of ischemic mechanisms as well as the 
physiologic impact of therapy on cardiac function 
can enhance efficacy while avoiding adverse ef- 
fects. Calcium channel blockers appear to afford 
certain advantages in the treatment of myocardial 
ischemia. Furthermore, new sustained-release 
preparations such as the nifedipine gastrointestinal 
therapeutic system formulation may play an impor- 
ant role in the medical management of ischemia, 
vhich has recently been shown to include diurnal 
'ariations in the frequency of coronary ischemic 
vents. 

(Am J Cardiol 1989;64:3F-9F) 


rom the Division of Cardiology, Department of Medicine, Medical 
ollege of Virginia, Richmond, Virginia. 

Address for reprints: George W. Vetrovec, MD, Box 36, MCV 
ation, Richmond, Virginia 23298, 
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Changing Concepts in the 
Myocardial Ischemia 


George W. Vetrovec, MD 


Pathophysiology of 


aggressive interventional studies, the mechanisms of 

myocardial ischemia have been intensively investi- 
gated. Furthermore, with the recognition of a variety of 
clinical presentations for ischemia, including silent myo- 
cardial ischemia, a much greater appreciation for over- 
lapping clinical syndromes has been recognized (Fig. 1). 

The principal common pathway for myocardial isch- 
emia is a supply-demand imbalance created by local myo- 
cardial tissue oxygen demand that exceeds oxygen supply 
due to the presence of an atherosclerotic lesion.! How- 
ever, a variety of factors regulate the extent of flow limi- 
tation secondary to an atherosclerotic obstruction. Inap- 
propriate endothelial vasoreactivity, local thrombus for- 
mation with platelet accumulation on a ruptured 
atherosclerotic plaque or diurnal tone changes in coro- 
nary arteries may contribute to variations in the ischemic 
threshold. Similarly, clinical presentations of ischemia 
are not directly related to individual pathologic mecha- 
nisms. Patients with stable angina may at times have 
unstable angina when there is a change in the underlying 
plaque morphology, and both groups of patients may 
exhibit episodes of silent myocardial ischemia during the 
course of their disease. As mechanisms of clinical isch- 
emic syndromes are better delineated, the challenge con- 
tinues to be to define the significance of clinical and 
pathophysiologic findings in relation to prognosis and, 
most importantly, to use this information to define appro- 
priate therapeutic interventions. 


I: recent years, particularly in response to more 


CLINICAL EXPRESSIONS OF 
MYOCARDIAL ISCHEMIA 

Until recently, angina pectoris was the most obvious 
marker of myocardial ischemia. However, with the fre- 
quent recognition of silent myocardial ischemia a greater 
emphasis has been placed on functional myocardial per- 
formance as a marker of ischemia rather than symptoms 
alone. Ischemic markers include changes in the electro- 
cardiogram, as well as changes in systolic and diastolic 
left ventricular function. The common pathway underly- 
ing these expressions of ischemia is the basic metabolic 
process. With the current emphasis on interventional 
therapy in the treatment of acute myocardial infarction 
and unstable ischemic syndromes, the metabolic corre- 
lates of ischemia are increasingly important for determin- 
ing the potential reversibility of ischemic myocardial dys- 
function. 

The sequence of myocardial Ischemic presentations is 
shown in Figure 2. Ischemia results from inadequate local 
tissue perfusion of oxygen as a result of a supply-demand 
imbalance caused by myocardial oxygen requirements 
that cannot be met by the coronary circulation. The re- 
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sulting metabolic and functional changes produce clinical 
ischemia manifest as either a symptomatic (angina or 
angina-equivalent syndrome) or a silent but physiologi- 
cally documentable event, or both. Figure 3 shows the 
striking changes that occur in left ventricular function in 
response to myocardial ischemia.2 Within seconds, dia- 
stolic changes in left ventricular function relating to de- 
creased compliance are evident. Shortly thereafter, elec- 
trocardiographic changes appear in association with 
changes in systolic function. Such electrocardiographic 
changes are not universal, due to the fact that not all of 
the areas of the myocardium are readily “visible” on the 
standard 12-lead electrocardiogram. When measure- 
ments of myocardial ischemia are taken either directly 
over the myocardium or through a guidewire in the coro- 
nary artery during balloon dilation, the frequency of ST- 
segment shift with ischemia increases.^ These changes in 
myocardial function occur before the onset of ischemic 
symptoms (angina). 

Indirect clinical expressions of the consequences of 
left ventricular dysfunction include ischemic-initiated fa- 
tigue associated with inadequate cardiac output occur- 
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ring in response to global systolic dysfunction, or dyspnea 
that occurs as a result of the ischemic increase in left 
ventricular end-diastolic pressure secondary to decreased 
diastolic compliance. One of the more fascinating aspects ad 
of ischemic myocardial left ventricular dysfunction is its, 
duration. In chronic stable angina, left ventricular dys 
function is relatively brief, occurring immediately in rej 
sponse to ischemia and reversing rapidly after alleviatio 
of the ischemic process. However, the rate of recover 
and the extent of dysfunction are both related to th 
extent of the ischemic stimulant.° Patients with extensive 
coronary artery disease tend to have greater acute de 
creases in left ventricular systolic function with slowe 
recovery. In contrast, many patients with unstable anging 
have protracted depression of left ventricular function. 
However, this “stunned” myocardium frequently retu 

to normal after stabilization of the ischemic process. 
This potential reversibility has been documented in pa 
tients undergoing coronary bypass surgery, as well as ir 
patients with prior coronary angioplasty for unstable an 
gina. 

Distinguishing patients with potentially reversible left 
ventricular function after prolonged unstable angina or 
an incompletely reperfused myocardial infarction, or 
both, is a challenging and important issue because such 
patients may benefit from further interventions. A variety 
of new techniques including magnetic resonance imaging 
(MRI)? and positron emission tomography (PET)? 
aimed at assessing metabolic activity will aid in making 
these distinctions. 

Clinically recognized functional expressions of myo- 
cardial ischemia continue to be important markers of the 
presence and extent of myocardial ischemia. Greater em- 
phasis on metabolic and functional analyses has provided 
insight into the frequency of ischemic events exceeding 
the clinical recognition of angina. Acute and subacute 
changes in left ventricular function in the absence of 
infarction often are an indication of potentially reversible 
myocardium in jeopardy. 














SUPPLY AND DEMAND: NEW CONCEPTS 
Classic descriptions of myocardial ischemia have em- 
phasized the importance of clinical presentations of angi- 












na pectoris, particularly with regard to stable or unstable 
angina. These distinctions are useful in terms of their 
diagnostic, prognostic and therapeutic implications. 
However, these distinctions are probably more closely 
related to the pathophysiology of the lesions involved. 

One limitation to the usefulness of clinical classifica- 
tions is the inadequacy of symptom presentations to re- 
flect the underlying pathophysiology accurately. If the 
atherosclerotic lesion could be visually examined in each 
patient, better prognostic and therapeutic decisions 
would be possible. However, clinical classifications still 
provide the most useful method for routinely defining 
functional, prognostic and therapeutic outcomes for myo- 
cardial ischemia. 

Stable ischemia: Stable myocardial ischemia is the 
result of atherosclerotic obstructive disease that limits 
potential coronary blood supply. The degree of potential 
flow reduction is modulated by the effects of local vaso- 
reactivity contributing to variable threshold or rest angi- 
na, which frequently occurs in patients with otherwise 
typical stable angina pectoris. The prognosis in patients 
with stable angina is related both to the extent of myocar- 
dium at jeopardy and to the extent of left ventricular 
dysfunction. The greater the amount of myocardium at 
jeopardy, the poorer the prognosis. Likewise, the worse 
the left ventricular function regardless of coronary anato- 
my, the worse the overall prognosis.!° 

Ischemic events in patients with stable angina occur 
most often in response to increased myocardial oxygen 
demand produced by physical activity, anxiety or expo- 
sure to cold. However, the ischemic threshold is also 
modulated by local vasoreactivity. For example, endothe- 
lial sensitivity to acetylcholine is variable. Marked vaso- 
constriction occurs most prominently in a coronary lesion; 
however, it also occurs in the adjacent segments secon- 
dary to acetylcholine administration while normal vessel 
segments show little response.!! Thus, endothelial reac- 
tivity appears impaired in patients with atherosclerotic 
disease. Whether the endothelial changes are primary or 
secondary to the atherosclerotic process is not clear. This 
abnormal endothelial activity may explain the variable 
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threshold and rest angina seen in patients with otherwise 
stable syndromes. Furthermore, Gage et al!* demon- 
strated that during exercise, coronary stenoses frequently 
vasoconstrict. Such changes increase the ischemic blood 
flow limitation created by the preexisting atherosclerotic 
lesion and may account for cases of exercise-inducible 
angina that appear out of proportion to the extent of 
coronary artery disease. 

In addition to the dynamic changes of the coronary 
artery elicited with either exercise or acetylcholine ad- 
ministration, there is considerable evidence that chronic 
stable angina is associated with both peak exercise!? (pos- 
itive exercise test without symptoms) silent myocardial 
ischemia and nonmaximal activity (reduced heart rate 
noted on ambulatory monitor) silent myocardial isch- 
emia.'4 Both conditions may adversely affect patient 
prognosis. 

Episodes of non-peak activity silent ischemia appear 
to have a significant circadian variability. In a study by 
Rocco et al,!> patients with coronary artery disease un- 
derwent one or more periods of 24-hour ambulatory elec- 
trocardiographic monitoring. It was observed that the 
frequency of ischemic events peaked between 6 AM and 12 
noon (Fig. 4). Forty-six percent of the total ischemic time 
occurred during this period. The majority of these events 
were painless. Recognition of the high incidence of silent 
ischemic episodes in the early morning hours are con- 
firmed by epidemiologic studies that show that cardiovas- 
cular and cerebrovascular ischemic events occur most 
frequently during that time period.!6 Recognition of this 
relation is important and should be the basis for investiga- 
tions to determine the potential efficacy of 24-hour drug 
treatment that does not produce tolerance and may be 
administered in a simple dosage form to enhance patient 
compliance. 

Unstable ischemia: Unstable myocardial ischemia is 
associated with a high incidence of acute ischemic events, 
including myocardial infarction occurring during short- 
term follow-up despite initial stabilization on medical 
therapy. Thirty percent of patients with unstable angina 
may proceed to acute myocardial infarction," while 30 to 
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FIGURE 3. Temporal effects of myocardial 
ischemia on left ventricular function. 
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FIGURE 4. Hourly distribution of number of episodes of pain- 
ful and painless ischemia. There is a significant peak of isch- 
emic activity between 6:00 AM and 12:00 noon. (Adapted 
with permission from Circulation.!5) 


50% of such patients again become unstable or have an- 
other cardiovascular event over the next 6 months.!* 

A potentially important marker for high-risk unstable 
patients appears to be the presence of persistent silent 
myocardial ischemia. Gottlieb et al!? showed that short- 
term adverse prognosis after medical stabilization of un- 
stable angina is related to the presence and extent of silent 
ischemia. Thus, recognition of factors to determine those 
patients with the highest potential for further ischemic 
events appears to be an important challenge for the fu- 
ture. 

The mechanisms underlying unstable angina are sub- 
stantially different from those for stable angina. Al- 
though oxygen demand in patients with unstable angina 
can be influenced by anxiety or stress, most ischemic 
episodes appear to result from decreases in myocardial 
blood supply. The pathophysiology of unstable angina 
relates to plaque rupture and local thrombus formation 
that frequently occurs in a somewhat stuttering pattern, 
with layering and, at times, some resorption of the throm- 
botic material.?? In addition, local vasoreactivity substan- 
tially modulates and limits coronary supply. The mecha- 
nisms of unstable ischemia appear similar to those of 
acute myocardial infarction: The 2 diseases are distin- 
guished only by the degree of abrupt flow compromise 
related to the extent of obstruction, with acute infarction 
representing total occlusion and unstable angina repre- 
senting subtotal occlusion. Unstable angina is now more 
appropriately distinguished from stable angina on the 
basis of pathophysiologic mechanisms; this explains why 
earlier studies failed to reveal significant differences in 
the extent of coronary artery disease or the extent of 
stenosis between stable and unstable angina, or both.?! 
Recently, angiographic morphologic distinctions between 
stable angina and unstable angina have been defined 
relating to the recognition of intracoronary thrombus in 
the unstable ischemic process (Fig. 5).? 
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FIGURE 5. Angiographic illustration of the unstable coronary 
lesion. There are irregular lesion borders, haziness and filling 
defects at the plaque with adjacent thrombus. 


Markers of ischemia in unstable angina may include 
angina pectoris and left ventricular dysfunction. The lat- 
ter occurs immediately after the onset of ischemia but, as 
opposed to chronic stable angina in which rapid revers- 
ibility occurs, unstable angina is associated with more 
protracted depression of left ventricular function, or so- 
called stunned myocardial dysfunction. However, these 
changes are reversible after stabilization of the ischemic 
process. 

Figure 6 is an interesting example showing the 
changes in stable and unstable angina on left ventricular 
function. Despite recurrent episodes of typical stable an- 
gina, the wall motion abnormality normalized after alle- 
viation of the unstable ischemic process. This example 
illustrates the protracted left ventricular depression that 
is reversible in patients with unstable angina, but is not 
present in patients with chronic stable angina. 

The prognosis in patients with unstable angina, as in 
those with stable angina, is related to the extent of left 
ventricular depression. Patients with persistent or pro- 
gressive depression of left ventricular function have been 
noted to have a much higher probability of short-term 
adverse cardiovascular events than patients with normal 
left ventricular function. Recent data from the Veterans 
Administration Cooperative Study of Medical Versus 
Surgical Treatment for Unstable Angina emphasize the 
association between left ventricular function and out- 
come in medically treated patients.?? Patients with great- 


er depression of left ventricular function have a substan- 
tially worse prognosis. Also, repeated episodes of silent 
ischemia may underly persistent depression of left ven- 
tricular function. In the study by Gottlieb et al,!? patients 
with repeated episodes of myocardial ischemia tended to 
have a lower ejection fraction than patients with no silent 
ischemia. Finally, normalization of left ventricular func- 
tion is frequently seen in unstable patients after surgical 
or angioplasty revascularization.’ 


THERAPEUTIC IMPLICATIONS 

Recognition of the different pathophysiologic mecha- 
nisms underlying myocardial ischemia is helpful in deter- 
mining the appropriate therapy. Based on the thrombotic 
aspects of unstable angina, it has been recognized that the 
administration of aspirin?^ and perhaps anticoagulants 
such as heparin significantly decreases the risk of pro- 
gression to acute myocardial infarction. Other ischemic 
episodes, both stable and unstable, result from vasoreac- 
tivity and appear to respond favorably to the administra- 
tion of calcium channel blocking agents or nitrates, or 
both. 

An example of clinical disease expression on treat- 
ment response was noted in a study comparing the re- 
sponse to nifedipine in patients with chronic stable angina 
according to predominant symptom class in rest vs exer- 
cise angina.?? The study involved 39 patients with chronic 
stable angina pectoris without evidence of coronary 
spasm, all of whom had significant coronary artery dis- 
ease documented on angiogram. All patients were inade- 
quately responsive to maximally tolerated dosages of ni- 
trates and 6 blockers. Patients were subgrouped accord- 
ing to the predominant clinical presentation (i.e., the rest 
angina group represented patients with more than half of 
their ischemic episodes at rest compared with the pre- 
dominant exercise group in which most anginal episodes 
occurred in response to activity). Both subgroups showed 
a significant decline in frequency of angina after adminis- 
tration of nifedipine. However, 7 of 13 (5490) of the 
predominant patients with pain at rest became totally 
asymptomatic after the administration of nifedipine, 
whereas only 4 (15%) of the predominant exercise group 
became totally asymptomatic. The combination of nifedi- 
pine and 8 blockers is usually well tolerated, but there 
have been occasional reports of congestive heart failure 
and severe hypotension, and therefore patients should be 
monitored closely; however, no such deleterious effects 
were noted in this study. This study emphasizes the po- 
tential impact of treatment choice in patients with stable 
angina based on the clinical characteristics that reflect 
pathophysiologic mechanisms. 

In addition to increasing myocardial blood supply, a 
major component of the treatment of patients with stable 
angina is directed toward reducing myocardial oxygen 
demand. To reduce oxygen demand, treatment regimens 
decrease contractility, heart rate and myocardial wall 
tension (by either preload or afterload reduction). Agents 
that reduce myocardial contractility alleviate ischemia; 
however, associated depression of left ventricular func- 
tion may limit exercise performance by inadequate exer- 
cise-induced increases in cardiac output. One conse- 








FIGURE 6. Stunned myocardial dysfunction. Top panel, end- 
diastolic (Jeff) and end-systolic (righf) cineframe showing se- 
vere anterior apical wall motion abnormality with apical filling 
defect consistent with thrombus in a patient with recurrent 
Mag teen Pali sete teams oves peine oir 

anterior descending obstruction. Bottom panels, normaliza- 
tion of left ventricular dysfunction after successful anterior de- 
scending angioplasty with alleviation of the unstable ischemic 
syndrome. 


quence of this may be trading fatigue for angina as an 
exercise end point. This phenomenon becomes even more 
important in patients with depressed left ventricular func- 
tion or in patients treated simultaneously with 8 blocker 
and the calcium channel blockers verapamil or diltiazem, 
since such combinations may depress left ventricular 
function. Thus, an important aspect of therapy is to as- 
sure maximal reduction in ischemia with least depression 
of left ventricular function, or a physiologic reduction in 
myocardial ischemia producing the greatest improve- 
ment in exercise performance. 

The negative inotropic effects of combined calcium 
channel blocker/8 blocker therapy can be minimized 
with the administration of nifedipine. Because of its 
strong vasodilating properties, nifedipine has the least 
potential to depress left ventricular function by unloading 
the left ventricle. In the catheterization laboratory, the 
effects of nifedipine administered acutely to patients tak- 
ing significant doses of 8 blockers were evaluated.?6 After 
nifedipine administration, there was no change in global 
ejection fraction (Fig. 7), whereas function in depressed 
segments tended to normalize (Fig. 8). These findings 
suggest that nifedipine did not produce a coronary steel 
syndrome. Whether or not the afterload reduction of 
nifedipine or a reduction in silent myocardial ischemia, or 
both, enhanced segmental function could not be deter- 
mined. However, the response was favorable relative to 
maintaining resting left ventricular function. 

Another important management issue in ischemic 
heart disease relates to the ease of medication administra- 
tion. Recognition of the circadian variation in coronary 
ischemic events emphasizes the potential importance of 
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FIGURE 7. Left ventricular ejection fraction in 10 patients 
taking chronic 8 blocker therapy before (Pre) and after (Post) 
acute nifedipine administration showing no change in global 
function. NS = not significant. (Adapted with permission from 
Am J Cardiol.*®) 


24-hour anti-ischemic efficacy. Epidemiologic studies 
suggesting that adverse cardiovascular and cerebrovascu- 
lar events occur in the early morning hours parallel the 
higher frequency of silent ischemic episodes documented 
during this time. Effective long-acting antianginal agents 
may reduce cardiovascular morbidity and mortality. 
Therefore, single-dose anti-ischemic therapy with 24- 
hour efficacy and without tolerance seems ideal. All of 
the currently available calcium channel blocking agents 
are being evaluated as prolonged-release preparations. 
Furthermore, newer agents yet to be marketed, including 
amlodipine, have greater than 24-hour half-lives and pro- 
vide prolonged ischemic efficacy after a single daily dose. 





In addition, once-daily therapy enhances patient compli- 
ance. 

One example of effective, once-daily treatment is ni- 
fedipine gastrointestinal therapeutic system (GITS), a 
24-hour slow-release nifedipine delivery system. In a re- 
cent report, there was no evidence of tolerance comparing 
standard nifedipine administration to nifedipine GITS.” 
Furthermore, the frequency of angina appeared to de- 
cline with the nifedipine GITS, presumably because of 
enhanced patient compliance.?* Vasodilator side effects 
were also significantly less with nifedipine GITS com- 
pared with standard nifedipine administration because 
nifedipine GITS is associated with lower, more stable 
blood levels, thereby avoiding the early, high peak levels 
seen after administration of standard nifedipine. Thus, 
prolonged efficacy without tolerance after a single dose 
would improve patient compliance and provide more con- 
tinuous antianginal efficacy. 


CONCLUSION 

The preceding descriptions represent a summary of 
the changing concepts of the pathophysiologic mecha- 
nisms underlying myocardial ischemia. Recognition that 
the atherosclerotic lesion is not a fixed but rather a dy- 
namic obstruction represents a major advancement in our 
understanding of ischemic heart disease. Defining clinical 
presentations according to mechanisms is most useful for 
prognostic and therapeutic decisions. Thus, therapeutic 
decisions based on an improved pathophysiologic under- 
standing of ischemic mechanisms, as well as the physio- 
logic impact of therapy on cardiac function, can enhance 
efficacy while avoiding adverse effects. 
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Calcium Antagonists and Myocardial Protection 
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Painful and asymptomatic ischemia has been asso- 
ciated with left ventricular dysfunction, an impor- 
tant variable related to survival in patients with 
coronary artery disease. The treatment of patients 
with coronary artery disease with agents such as 
calcium channel blockers has been directed at re- 
ducing ischemia by restoring the balance between 
myocardial oxygen supply and demand, which ulti- 
mately serves to protect against myocardial dys- 
function. Once ischemia has occurred, calcium 
channel blockers may protect myocardial cellular 
integrity and function. By reducing intracellular cal- 
cium overload during ischemia, mitochondrial func- 
tion is preserved and adenosine triphosphate stores 
are maintained. Numerous in vitro and isolated 
heart preparations have shown that ischemia in the 
presence of calcium blockade is associated with 
less cellular dysfunction than in the situation of 
ischemia in the absence of calcium channel block- 
ade. 

(Am J Cardiol 1989;64:10F—-17F) 
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function and survival in patients with coronary 

artery disease. Numerous studies have shown 
that left ventricular function is an important independent 
variable related to mortality in the setting of acute myo- 
cardial infarction, unstable angina and chronic stable 
angina.!? Treatment efforts in patients with coronary 
artery disease are directed at reducing ischemia by restor- 
ing the balance between myocardial oxygen supply and 
demand, which ultimately serves to protect against myo- 
cardial dysfunction. 

It was once believed that only a prolonged symptom- 
atic ischemic insult led to myocardial necrosis with resul- 
tant abnormalities of ventricular function. It is now 
known, however, that ventricular dysfunction is not limit- 
ed to symptomatic or prolonged ischemic events. Asymp- 
tomatic ischemia may be associated with left ventricular 
dysfunction to a degree that is similar to that of painful 
episodes.^? Changes in left ventricular compliance, as 
well as abnormalities of regional wall motion, often pre- 
cede ischemic electrocardiographic changes and angina, 
and have been found to persist well beyond the resolution 
of ischemia.^5 In addition, because silent ischemia may 
occur up to 4 times as often as painful attacks, angina 
thus is an insensitive and unreliable indicator of myocar- 
dial ischemia.? 

The cumulative effect of ischemic events on ventricu- 
lar function and their relation to patient survival is only 
speculative. It has been postulated that repeated, brief 
episodes of ischemia may lead to a stunning of the myo- 
cardium with chronic postischemic left ventricular dys- 
function.!? Given the impact of left ventricular function 
in the prognosis of patients with coronary artery disease, 
numerous investigations have sought to identify the medi- 
ators of cellular injury. 


A n important relation exists between ventricular 


CALCIUM AND CELL INJURY 

In the resting myocyte, the intracellular calcium con- 
centration is maintained at several thousand times less 
than the extracellular concentration.!! The maintenance 
of this concentration gradient is dependent on an intact 
cell membrane as well as proper functioning of ion-selec- 
tive channels and energy-dependent ion pump mecha- 
nisms.!?? Normally, calcium may enter the cell by sever- 
al routes. Sites of passive diffusion, sodium-calcium ex- 
change and slow calcium channels have all been cited as 
possible entry mechanisms.!1.12.145 However, the great- 
est contributor to free cytosolic calcium may result from 
calcium-triggered release of calcium from storage sites 
within the sarcoplasmic reticulum.!6 During ischemia, 
the cytosolic calcium concentration increases.!^!? The 
initiating factor responsible for this increase is not com- 
pletely understood, but may be due to ischemia-induced 
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depletion of cellular adenosine triphosphate (ATP).!° 
The mode of this calcium increase may involve alter- 
ations in one or more of the calcium regulatory mecha- 
nisms previously mentioned. It is this increase in cytosolic 
calcium that is thought to result in myocardial cell 
death.”° 

Cell death involves both energy expenditure and or- 
ganelle destruction. In animal models, an uncontrolled 
increase in cytosolic calcium concentration results in 
ATP depletion by way of the activation of calcium-de- 
pendent ATPase.!? This decrease in cellular energy stores 
impairs the function of the energy-dependent calcium 
pump responsible for retrieving calcium, and may de- 
crease calcium reuptake by the sarcoplasmic reticulum. 
In addition, endogenous proteases and phospholipases are 
activated, which may lead to damage of the intracellular 
organelles and loss of mitochondrial membrane integri- 
ty.2!,22 The final blow to cellular homeostasis is mitochon- 
drial calcium overload, resulting in the inhibition of ATP 
generation (Fig. 1).!2.17.1923 Pharmacologic agents that 
limit intracellular calcium concentration may, therefore, 
protect against ischemia-induced ATP depletion and pre- 
serve cellular function. 

The mechanism of action of calcium channel antago- 
nists involves the inhibition of calcium influx at the slow 
channel site, thereby protecting against cell damage or 
death.!^ Unfortunately, there are several reasons to doubt 
that transmembrane calcium influx through the slow cal- 
cium channel is the predominant source of calcium over- 
load during ischemia. The observed number and conduc- 
tance of the calcium channel do not account for the total 
gain in cytosolic calcium noted after ischemia. Further- 
more, the slow channel requires phosphorylation in order 
to function properly; but during periods of ischemia, cel- 
lular ATP reserves are depleted and thus it is unlikely 
that the calcium channel operates at full capacity. Nor- 
mal operation of the calcium channel also depends on 
maintenance of physiologic intracellular pH and normal 
intracellular calcium concentration, both of which are 
altered by ischemia.!5.1?.23-26 





Despite these observations, pharmacologic blockade 
of the calcium channels may reduce cellular calcium 
overload early in the ischemic process. In fact, in experi- 
mental models of ischemia, calcium channel-blocking 
agents reduced cellular calcium overload by an estimated 
4096 when administered before reoxygenation after hy- 
poxemia.!? In addition, the administration of nifedipine 
and verapamil before reperfusion of ischemic myocardi- 
um has been demonstrated to decrease mitochondrial 
calcium overload and improve postischemic recovery of 
ventricular function (Fig. 2).!^!? One mechanism by 
which mechanical function is preserved is maintenance of 
myocardial ATP stores.?^?? Calcium channel blockers 
are known to reduce high-energy phosphate breakdown 
during hypoxia. Moreover, this effect appears to be inde- 
pendent of any negative inotropic action of the drug.??7° 


CARDIOPULMONARY BYPASS 

During cardiopulmonary bypass, global ischemia oc- 
curs in myocardium, with time- and temperature-depen- 
dent changes to myocardial cells resulting in postopera- 
tive impairment of ventricular function?! To minimize 
myocellular injury during cardiac surgery, elective cardi- 
ac arrest using hypothermic, hyperkalemic cardioplegia 
is frequently used. Despite cardioplegia, however, left 
ventricular dysfunction and myocardial necrosis continue 
to pose a problem during prolonged cardiopulmonary 
bypass. Because reperfusion after periods of regional or 
global ischemia is associated with excess calcium flux 
across the sarcolemma, a drug that could retard this 
influx might offer additional myocardial protection and 
decrease perioperative morbidity and mortality. Clark et 
al?? constructed a dog model for cardiopulmonary bypass 
in order to test this hypothesis. A standard hyperkalemic 
cardioplegic solution was compared with an identical so- 
lution to which nifedipine had been added. After 2 hours 
of hypothermic cardiac arrest, the dogs were weaned 
from bypass. The nifedipine-treated group was found to 
have significantly better indexes of left ventricular func- 
tion when compared with the control group (Fig. 3). 
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These drug-treated dogs were more easily weaned from 
bypass, required less pressor support, and had less histo- 
logic evidence of ischemic injury than the untreated dogs. 

The protection afforded by nifedipine in this setting 
extends to other calcium channel blockers. Verapamil 
was found to be equally as effective as potassium cardio- 
plegia in preserving high-energy phosphate stores and 
systolic function under normothermic conditions.?? In an- 
other study, the benefits of diltiazem exceeded those of 
ice in hypothermic dogs when left ventricular perfor- 
mance was assessed.?^ 

Clark et al?> extended these observations in animals to 
an evaluation of calcium blockers as cardioplegics in hu- 
mans. The first American clinical trial of nifedipine in 
cardioplegia evaluated 47 patients at high risk for cardiac 
surgery. These patients received standard cold hyperkale- 
mic cardioplegia solution either with or without 275 ug/ 
liter of nifedipine. Immediate postbypass hemodynamic 
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FIGURE 2. Effect of pretreatment with ni- 
fedipine on the calcium content of mito- 


perfused aerobically, made ischemic 
at 37°C, or made ischemic at 37°C and 
then reperfused. Tests of significance re- 
late to the protection provided by nifedi- 
pine. SD — standard deviation. (Repro- 
duced with permission from Futura Pub- 
lishing.!9) 


Ischemia + reperfusion 


monitoring demonstrated that the nifedipine-treated 
group had higher cardiac output, larger stroke volume 
and lower pulmonary and peripheral vascular resistance 
(Fig. 4). Evidence suggesting a cardioprotective effect 
was observed in the drug-treated group and included 
lower creatine kinase release and fewer abnormalities 
demonstrable on postoperative technetium pyrophos- 
phate scans. 

An extended trial of 205 high-risk patients*° included 
a randomized subset of 74 patients, of whom 39 received 
nifedipine cardioplegia and 35 received standard cardio- 
plegia. There were no significant differences in preopera- 
tive hemodynamics noted between the 2 groups. The ni- 
fedipine-treated patients had a nearly 100% improvement 
in postoperative cardiac output, left ventricular stroke 
volume and stroke work index when compared with the 
control group. This improvement in postoperative left 
ventricular function was reflected in a mortality rate of 


FIGURE 3. Change from preischemic val- 
ues in control (n = 7) and drug-treated (n 
= 6) dogs for left ventricular (LV) end-dia- 
stolic pressure, stroke work, and LV dP/ 
dt. A benefit was noted for all 3 variables 
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only 4%, an almost threefold reduction when compared 
with the control group. 

A later study also examined the role of calcium chan- 
nel blockers in providing myocardial protection during 
cardiopulmonary bypass.*’ Thirty-nine women undergo- 
ing coronary artery bypass procedures were randomly 
assigned to either a standard cardioplegic group or a 
verapamil-nifedipine group.*’ Patients received 1 mg of 
verapamil added to each liter of cardioplegia as well as 
oral postoperative nifedipine. A significantly lower cre- 
atine kinase value and serum aspartate aminotransferase 
were noted postoperatively in the women treated with 
calcium blockers (Fig. 5). A trend toward fewer episodes 
of postoperative ventricular tachyarrhythmias was noted, 
with the control group experiencing 3 fatal ventricular 
fibrillation arrests; no such events were seen in the pa- 
tients treated with verapamil and nifedipine. These stud- 
ies provide clinical data to support the theory that the 
effect of ischemia on myocardial function may be atten- 
uated by calcium channel-blocking agents. 


FIGURE 5. Postoperative cardiac enzyme 
levels in 39 women in the study. AST = 
serum aspartate aminotransferase; CPK = 
serum creatine ; V-N = ve- 
rapamil-nifedipine group; *p <0.05. (Re- 
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PERCUTANEOUS TRANSLUMINAL 
CORONARY ANGIOPLASTY 

Coronary angioplasty offers an opportunity to study 
the effects of flow-related regional ischemia on myocardi- 
al function. After the acute interruption of coronary 
blood flow, a cascade of pathophysiologic events ensues. 
Abnormalities of diastolic function occur within seconds 
of balloon occlusion, followed in sequence by systolic 
dysfunction, electrocardiographic signs of ischemia, and 
finally the subjective appreciation of ischemia—angina 
pectoris. Such abnormalities of systolic and diastolic 
function may resolve before angina is triggered and may 
persist well beyond the restoration of coronary flow. 

Limited studies are available to show that calcium 
channel blockers are cardioprotective during angioplasty, 
and there is even less information to support that this 
protection is the direct result of calcium influx. An inves- 
tigation performed by Serruys et al?’ showed that intra- 
coronary nifedipine administered before percutaneous 
transluminal coronary angioplasty (PTCA) reduces the 
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severity of myocardial ischemia. They initially compared 
the effects of nifedipine injected into the left main coro- 
nary artery with results from balloon occlusion of the left 
anterior descending artery in patients with isolated ob- 
structive lesions and preserved systolic function. Both 
interventions produced a similar depression in myocardi- 
al diastolic and systolic function. The patients taking 
nifedipine, however, had an increase in coronary sinus 
and great cardiac vein blood flow as measured by thermo- 
dilution techniques. It was concluded that the transient 
depression of mechanical function produced by nifedipine 
was due to a regional “cardioplegic” effect, an effect that 
is associated with a reduction in myocardial oxygen con- 
sumption, an increase in coronary blood flow and vasodi- 
lation of epicardial vessels.?5.? 

In a second group of patients, Serruys et al?’ also 
determined that this reduction in contractile function 
was paralleled by an improvement in metabolic parame- 
ters of ischemia. Measurements of myocardial lactate 
production were obtained before PTCA, after PTCA 
without nifedipine, and after PTCA with intracoronary 
nifedipine pretreatment. Lactate production was noted to 
increase dramatically after left anterior descending ar- 
tery occlusion. However, pretreatment with nifedipine all 
but suppressed this effect. Summary data suggested that 
nifedipine prevented myocytes from becoming anaerobic 
due to its effects on contractile energy expenditure, there- 
by preventing tissue damage during flow-related isch- 
emia 28.39 

Fujibayashi et al*? examined the effects of nifedipine 
on recovery time of left ventricular dysfunction after brief 
coronary occlusion during angioplasty. Intravenous ni- 
fedipine was administered either before or during 1- or 2- 
minute occlusions of the left anterior descending coro- 
nary artery in dogs. Two-dimensional echocardiography 
was performed to document the return of diastolic and 
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FIGURE 6. Results of 2-dimensional echo- 
cardiographic analysis for the low papil- 
lary muscle ischemic segment. The graph 
depicts the time course of recovery of 
mean velocity of early diastolic luminal 
area change (VLAC) as an index of dia- 
stolic function. VLAC is shown after 1 
minute of left anterior descending coro- 
nary artery occlusion and at various times 
afterward for animals treated with intra- 


the nifedipine group than in the control an- 
imals. (Reproduced with permission from 
JACC.^4?) 
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systolic function. Without drug treatment, diastolic func- 
tion was noted to be abnormal for up to 75 minutes after 
]-minute occlusions (Fig. 6) and for up to 105 minutes 
after 2-minute occlusions. Although still delayed, shorter 
recovery periods were recorded for indexes of systolic 
function. Treatment with nifedipine significantly acceler- 
ated the recovery of both diastolic and systolic function. 
When nifedipine was given before coronary occlusion, 
recovery of both systolic and diastolic function was ap- 
parent as early as within 2 minutes of either occlusion 
period. Administration of nifedipine during occlusion 
again significantly accelerated recovery of both diastolic 
and systolic function, with both values returning to nor- 
mal within 15 minutes. Although hemodynamic benefit 
was gained with nifedipine administration either before 
or during ischemia, a greater response was gained by 
pretreatment. 

Independent studies have demonstrated that calcium 
channel blockers administered either intravenously or by 
way of the intracoronary route prolong the time to isch- 
emia during coronary angioplasty. Feldman et al^! found 
that pretreatment with intravenous nicardipine prevented 
or delayed the onset of ischemic ST-segment shifts in 
most patients after left anterior descending artery occlu- 
sion. Investigations by Amende et al*? with intracoronary 
nisoldipine not only confirmed that calcium channel 
blockers delay onset of ischemic ST-segment changes, 
but also demonstrated a significant decrease in the mag- 
nitude of ST-segment shift, thereby supporting the con- 
cept of cardioprotection. 

Extrapolation from these studies using angioplasty- 
induced ischemia to the clinical setting is difficult. During 
balloon inflation, there is total interruption of coronary 
blood flow, whereas in ambulatory patients, most isch- 
emic events are secondary to a “low-flow” state and are 
usually longer, as demonstrated on Holter monitoring. 


FIGURE 7. Comparison of the most effec- 
tive doses of verapamil, nifedipine, and dil- 


tiazem on the cumulative release of lactate Cumulative 
dehydrogenase (LDH) during 60 minutes LDH- 
after ligation of left main coronary release 
producing experimental infarction. All 3 (U/g/hour) 
compounds equally and significantly re- 


ed even when supraventricular pacing was 
performed to approximate mean rate of 
the control group correcting for any nega- 
tive chronotropic effect of the drugs. (Re- 
produced with permission from Circ 
Res.^49) 


Further studies are needed to see if the beneficial effects 
of calcium channel blockers observed in the angioplasty 
model of ischemia can be applied to patients with chronic 
coronary artery disease who are taking calcium channel 
blockers. 


ACUTE MYOCARDIAL INFARCTION 

When myocardial blood flow is reduced beyond a 
critical level for prolonged periods of time, severe isch- 
emia develops; when left uncorrected, myocardial infarc- 
tion occurs. The severity of the resulting ventricular dys- 
function is directly proportional to the extent of myocar- 
dial tissue necrosis.^^ Current therapy of acute 
myocardial infarction is aimed at reducing the extent of 
necrosis by reestablishing blood flow to ischemic zones 
and reducing oxygen demand. Both thrombolysis and 
angioplasty have been successful in this regard.4>-4’ 
These interventions are effective only if used soon after 
the onset of myocardial infarction. Pharmacologic agents 
capable of retarding cell death may reduce the extent of 
ischemic injury. 

Calcium channel blockers have also been found capa- 
ble of reducing the extent of necrosis in a laboratory 
setting of experimentally induced myocardial infarction. 
In animal studies, isolated heart preparations using vera- 
pamil, nifedipine and diltiazem have shown that all 3 
compounds decrease the extent of infarction as measured 
by cumulative lactate dehydrogenase release after coro- 
nary occlusion (Fig. 7).^9 This reduction was independent 
of the agents' chronotropic effects, since benefit was un- 
changed when the hearts were electrically paced at rates 
that approximated the heart rate of a control group. 

Reimer et al*? evaluated the effect of verapamil pre- 
treatment on the infarct size of dogs subjected to 40 
minutes of left circumflex occlusion. After 48 to 96 hours 
of reperfusion, animals pretreated with lower doses of 
verapamil demonstrated a significant reduction in the 
histologic extent of necrosis compared with untreated 
animals. As with thrombolytic therapy, the benefits 
achieved with the use of calcium channel blockers during 





Control - Verapamil4 Nifedipine 4 o 


3x 107 M 5x 107 M 4 x 107 M 


infarction appear to be dependent on the timing of their 
administration. Klein et al5? studied 3 groups of pigs that 
underwent 75 minutes of left anterior descending artery 
occlusion followed by 4 hours of reperfusion. The first 
group received no drug treatment, the second received 
diltiazem before coronary occlusion, and the third group 
received the same dose of diltiazem after 79 minutes of 
ischemia. Both drug-treated groups showed a significant 
reduction in infarct size when compared with control 
animals. The greatest reduction, however, was demon- 
strated in the group that received diltiazem before coro- 
nary occlusion. Similar findings were reported by Lo et 
al;?! when infarct size in dogs was examined after 3 hours 
of left anterior descending artery occlusion with 3 hours 
of reperfusion. Dogs treated with verapamil 90 minutes 
into occlusion were found to have a significant decrease in 
the area of necrosis when compared with dogs not admin- 
istered verapamil. This benefit was lost when verapamil 
treatment was delayed until just before reperfusion. 

Although more studies are needed to determine the 
effects of calcium channel blockers as modifiers of infarct 
size in humans, results of several trials to date in which 
calcium channel blockers were administered within 12 
hours of onset of symptoms showed no difference in in- 
farct size.>2-*4 Results of another clinical study, however, 
suggested a reduction in myocardial infarct size by calci- 
um channel blocker administration. Bussmann et al^? 
randomized 29 patients to receive intravenous verapamil 
a mean of 8 hours after the onset of chest pain, with an 
additional 25 patients serving as controls. Peak creatine 
kinase and creatine kinase-MB activity derived from time 
activity curves were consistently and significantly lower 
in the verapamil-treated group than in the control group. 
Mathematic conversion of creatine kinase values to 
weight equivalents calculated to an approximate 30% 
reduction in infarct size. 

Although animal data suggest that calcium channel 
blockers delay the onset of cellular injury, it appears that 
without reperfusion, cell death is inevitable. It is quite 
possible, however, that the administration of calcium 


THE AMERICAN JOURNAL OF CARDIOLOGY SEPTEMBER 19, 1989 15F 





A SYMPOSIUM: CARDIOVASCULAR THERAPY—THE NEXT STEP 


channel blockers earlier than in the studies mentioned 
previously may limit the extent of necrosis or reduce the 
size of the periinfarction ischemic zone. 


CONCLUSIONS 

In laboratory studies, calcium antagonists have been 
shown to conserve ATP, reduce mitochondrial calcium 
overload, and enhance recovery of ventricular function. 
Application of these findings to clinical situations has 
yielded data supporting cardioprotection during both car- 
diopulmonary bypass and flow-related regional ischemia. 
In both of these situations, optimal effects are obtained 
when ischemia is followed by reperfusion. In models of 
regional ischemia, when calcium antagonists are admin- 
istered late in the course of occlusion, or when ischemia is 
not followed by reperfusion, calcium antagonists are less 
effective. 

Calcium channel blockers are of considerable value in 
reducing myocardial ischemia. These drugs have been 
demonstrated to alter favorably the balance between 
myocardial supply and demand by decreasing left ven- 
tricular afterload, reducing myocardial contractility, and 
dilating the coronary arterial tree.?657 Additionally, these 
agents have the potential for protecting the myocardium 
against ischemically mediated injury by virtue of their 
effect on calcium flux across cell membranes or within 
cellular compartments. 
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What Factors Predict Recovery of Contractile 
Function in the Canine Model of 
the Stunned Myocardium? 


Karin Przyklenk, PhD, and Robert A. Kloner, MD, PhD 


Recovery of contractile function of myocardium 
stunned by a brief, transient period of regional 
ischemia is highly variable. In our experience, seg- 
ment shortening (an index of regional systolic con- 
tractile function) assessed during the initial hours 
after a 15-minute period of coronary artery occlu- 
sion in anesthetized open-chest dogs ranged from 
—84 to +99% of normal preocclusion values. in this 
retrospective study, regression analysis was used 
to assess the effects of various parameters on seg- 
ment shortening 2 hours after reperfusion. Param- 
eters assessed included regional myocardial blood 
flow both during occlusion and after reperfusion, 
high-energy phosphate content of previously isch- 
emic tissue, systemic hemodynamic parameters 
(heart rate, mean arterial pressure and double 
product), occluded bed size and segment shortening 
measured during coronary artery occlusion. Recov- 
ery of systolic contractile function was not influ- 
enced by the degree of ischemia during coronary 
artery occlusion, myocardial blood flow after reper- 
fusion, high-energy phosphate content, hemody- 
namic parameters or occluded bed size (correlation 
coefficients, r, ranged from 0.001 to 0.37 [p - not 
significant]). Only the degree of dyskinesia/hypoki- 
nesia exhibited during coronary occlusion signifi- 
cantly and reliably predicted recovery of segment 
shortening measured 2 hours after reflow (r — 
0.70, p «0.001). Thus, recovery of systolic con- 
tractile function in the anesthetized canine model of 
the stunned myocardium is determined primarily by 
the degree of dysfunction exhibited during the pre- 
ceding period of ischemia. 

(Am J Cardiol 1989;64:18F -26F) 
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can salvage previously ischemic myocardium and 
thus reduce the size of a myocardial infarct. These 

beneficial effects of reperfusion were first demonstrated 
in experimental animal models of transient coronary oc- 
clusion.!-? However, the development of techniques such 
as thrombolysis, percutaneous transluminal angioplasty 
and surgical revascularization has made early reperfusion 
a clinically feasible treatment for evolving myocardial 
infarction.^-$ 

Although early reperfusion reduces the extent of myo- 
cyte necrosis, the viable previously ischemic tissue does 
not immediately resume normal contractile function. 
Rather, the systolic function of the salvaged tissue re- 
mains markedly depressed, or stunned, for hours to days 
after reflow.’ This phenomenon of the stunned myocardi- 
um, first characterized and studied in the experimental 
canine model,5-!? has more recently been documented in 
clinical instances of exercise-induced angina and success- 
ful recanalization of an occluded coronary artery.!!-!? 

Although stunned myocardium is generally charac- 
terized by depressed systolic contractile function, the de- 
gree of dysfunction observed in a given animal is highly 
variable. In our experience,!^-!7 contractile function as- 
sessed during the initial hours after a brief, 15-minute 
period of transient coronary occlusion ranged from —84 
to +99% of normal preocclusion values. To explain this 
marked heterogeneity in postischemic function after an 
"jdentical" period of ischemia, we attempted retrospec- 
tively to identify parameters that could reliably deter- 
mine or "predict" the degree of recovery of postischemic 
contractile function in the anesthetized, open-chest ca- 
nine model of the stunned myocardium. 


b? reperfusion of an occluded coronary artery 


METHODS 

Data collection: The data used in this retrospective 
analysis were compiled from all animals randomized to 
control, untreated groups (n = 35) in 4 previous studies 
performed in our laboratory.!^-!? In each study, mongrel 
dogs were anesthetized with sodium pentobarbital (30 
mg/kg intravenously [iv.]), intubated and ventilated 
with room air. Cannulas were placed in the left jugular 
vein for administration of fluids and the left common 
carotid artery for measurement of heart rate and arterial 
pressures. A left thoracotomy was performed through the 
fifth intercostal space, the ribs retracted, and the heart 
exposed and suspended in a pericardial cradle. The left 
atrial appendage was then cannulated for later injection 
of radioactive microspheres for measurement of regional 
myocardial blood flow (RMBF), and a Millar micro- 
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FIGURE 1. Effect of midmyocardial blood 
flow measured (top) during coronary ar- 

tery occlusion and (bottom) after 2 to 21/2 
hours of reperfusion, on postischemic con- 
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tipped pressure transducer was positioned within the left 
ventricular cavity via the left atrial appendage for mea- 
surement of left ventricular pressure and its first deriva- 
tive, left ventricular dP/dt. 

A small segment of the left anterior descending coro- 
nary artery (LAD) was dissected free of surrounding 
tissue and isolated, usually just distal to its first major 
diagonal branch. Regional contractile function in the cen- 
ter of the soon-to-be ischemic myocardium was assessed 
in all dogs by sonomicrometry, the details of which have 
been presented previously.101416.7 Briefly, 1 pair of ul- 
trasonic crystals, used to measure segment length, was 
inserted by means of small scalpel incisions into the mid- 
myocardium in the center of the LAD bed and oriented 
parallel to the minor axis of the heart. Regional contrac- 
tile function, arterial and left ventricular pressures and 
dP/dt were monitored continuously throughout each ex- 
periment on a Gould recorder. 

After initial baseline measurements of regional con- 
tractile function and hemodynamic parameters, each dog 
received a bolus of lidocaine (1.5 mg/kg i.v.). The LAD 
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was then abruptly occluded using atraumatic vascular 
clamps. Hemodynamic parameters and contractile func- 
tion were assessed at 5 to 10 minutes after occlusion, 
while RMBF was measured at 5 to 10 minutes after 
occlusion in 27 of the 35 dogs!4!6-17 by injection of radio- 
active microspheres. 

Fifteen minutes after occlusion, a supplemental dose 
of lidocaine was administered (0.75 mg/kg i.v.) and the 
LAD was reperfused by removal of the vascular clamps. 
Regional contractile function and hemodynamic parame- 
ters were assessed at frequent intervals after reperfusion, 
while a second measurement of RMBF (n = 27) was 
obtained 2 to 2.5 hours after reflow.!^16.!7 In 20 dogs, !4:!6 
in vivo needle biopsy specimens were obtained at 3 hours 
after reperfusion for measurement of adenosine triphos- 
phate (ATP) content in the previously ischemic LAD 
bed, while creatine phosphate (CP) content was assessed 
in 18 dogs.!^!6 

At the end of each protocol (i.e., after a total of 3 to 
4.5 hours of reperfusion), the LAD was reoccluded, and 
monastral blue pigment was injected into the coronary 
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vasculature through the left atrium to delineate the in 
vivo occluded bed size. The hearts were then arrested by 
intracardiac injection of potassium chloride (20 to 40 
mEq) and excised. The positions of the crystals were 
marked, and the hearts were fixed by immersion in 10% 
neutral buffered formalin. 

After fixation, all hearts were cut into 5 to 7 transverse 
slices parallel to the atrioventricular groove, each approx- 
imately 5 mm thick. Correct placement of the ultrasonic 
crystals (i.e., within the midmyocardium, well within the 
center of the LAD bed) was confirmed at this time. 
Epicardial and endocardial contours of the basal surfaces 
of the heart slices and the margins of the occluded LAD 
bed were traced onto acetate sheets. The extent of the 
area at risk in each heart slice was planimetered and 
corrected for the weight of the slice. The total weight of 
the occluded LAD bed was then calculated for each heart 
and expressed as a percent of the total left ventricular 
weight.!4-!7 

For measurement of RMBF (n = 27), tissue was cut 
from the region in which the ultrasonic crystals had been 
inserted (i.e., from the center of the previously ischemic 
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FIGURE 2. Segment shortening measured 
after reperfusion, as a function of (fop) en- 
adenosine 


myocardium did not correlate with its re- 
gional contractile function. NS = not sig- 
nificant; r = correlation coefficient. 


75 


LAD bed), and was subdivided into endo-, mid- and 
epicardial segments.!^!6!7 RMBF was then calculated 
by the method of Domenech et al.!8 

Hemodynamic parameters (heart rate, arterial pres- 
sures and left ventricular dP/dt) were measured and av- 
eraged over 5 continuous cycles per sample period. In 
addition, dP/dt was used to define segment length, or 
separation between the ultrasonic crystals, at specific 
points in the cardiac cycle. End-diastolic lengths (EDL) 
were defined at the onset of the rapid increase of dP/dt, 
and end-systolic lengths (ESL) were measured at peak 
negative dP/dt. Measurements of EDL and ESL were 
obtained from 3 well-separated cardiac cycles in each 
sample period, averaged and used to compute segment 
shortening (an index of regional systolic contractile func- 
tion), defined by convention as!%!4-!7; 


mean EDL - mean ESL 


mean EDL p Dn 


Segment shortening — 


The values of segment shortening measured during each 
sample period were normalized and expressed as a per- 


cent of baseline values (i.e., percent segment shortening) 
measured before coronary occlusion. 

Statistical analysis: Linear regression analysis was 
used to identify parameters that may determine or “pre- 
dict" contractile function of stunned, previously ischemic 
myocardium. Specifically, values of percent segment 
shortening measured at 2 hours after reperfusion were 
considered as a function of the following variables: (1) 
midmyocardial RMBF measured during coronary occlu- 
sion and after reperfusion (midmyocardial flow values 
were specifically used in the analysis as the ultrasonic 
crystals had been positioned within the midmyocardium); 
(2) endocardial ATP and CP content of the previously 
ischemic myocardium; (3) systemic hemodynamic pa- 
rameters (heart rate, mean arterial pressure and double 
product) measured before and during occlusion and at 2 
hours after reperfusion; (4) occluded bed size; and (5) 
percent segment shortening measured during coronary 
occlusion. Correlations between variables were consid- 
ered to be statistically significant at p «0.05. 


RESULTS 

After 2 hours of reperfusion, segment shortening had 
recovered to an average of 15 + 44% (mean + standard 
deviation) of normal, baseline values. However, the de- 
gree of stunning among the 35 dogs included in this 
retrospective analysis was highly variable: Segment 
shortening measured 2 hours after reflow ranged from a 
minimum of —84% to a maximum of +99% of baseline 
values. 

Effect of regional myocardial blood flow: Normal 
blood flow to the LAD bed in anesthetized, open-chest 
dogs is approximately 1 ml/min/g tissue.?:1^16.!7 During 
LAD occlusion, RMBF to the ischemic midmyocardium 
was reduced to 0 to 0.9 ml/min/g and averaged 0.16 + 
0.21 ml/min/g tissue. 

Figure 1 (top) illustrates the relation between percent 
segment shortening after reperfusion and midmyocardial 
RMBF measured during coronary occlusion for all dogs 
in which paired data were available (n — 27). Surprising- 
ly, the degree of ischemia during LAD occlusion was not 
a predictor of postischemic contractile function in this 
model; i.e., values of midmyocardial RMBF assessed dur- 
ing occlusion did not correlate with values of percent 
segment shortening measured 2 hours after reflow (r — 
0.016; p — not significant [NS]; Fig. 1, top). 

Blood flow to the LAD bed was restored to 0.3 to 2.2 
(mean 1.03 + 0.50) ml/min/g tissue after reperfusion. 
Linear regression analysis of these paired data indicated 
that midmyocardial RMBF measured 2 to 2.5 hours after 
reperfusion was not a significant determinant of contrac- 
tile function of the stunned, previously ischemic tissue (r 
= 0.29, p = NS; Fig. 1, bottom). 

Effect of myocardial high-energy phosphate content: 
The ATP content of normally perfused canine myocardi- 
um is approximately 35 nmol/mg cardiac protein.!^16.19 
Fifteen minutes of transient coronary artery occlusion in 
this model results in a significant depletion of endocardial 
ATP stores.!^!6? In the 20 dogs in which myocardial 
biopsy specimens were obtained, ATP levels were re- 





TABLE | Determinants of Postischemic Contractile Function 


Occluded bed size 
HR (beats/min) 
Preocclusion 
During occlusion 
2 hours after reperfusion 
MAP (mm Hg) 
Preocclusion 
During occlusion 
2 hours after reperfusion 
HR X MAP 
Preocclusion k NS 
During occlusion <0.10 (NS) 
2 hours after reperfusion 
RMBF 
During occlusion 
2-2.5 hours after reperfusion 
SS during occlusion 
Endocardial ATP content 
Endocardial CP content 
ATP = adenosine triphosphate; CP = creatine phosphate; HR = heart rate; MAP = 


mean arterial pressure; n = sample size; NS = not significant; r = correlation coeffi- 
cient; RMBF = regional myocardial blood flow; SS = segment shortening. 


<0.10 (NS) 


<0.10 (NS) 





duced to approximately 18 to 33 (mean 27.8 + 3.3) 
nmol/mg protein. 

The relation between endocardial ATP levels mea- 
sured at the end of each protocol and percent segment 
shortening assessed at 2 hours after reperfusion is illus- 
trated in Figure 2 (top). ATP content of the stunned 
myocardium clearly did not correlate with recovery of 
postischemic contractile function (r = 0.001, p = NS; 
Fig. 2, top). 

Endocardial CP content tends to increase—or “over- 
shoot”—in response to a brief, transient period of coro- 
nary artery occlusion. For example, CP stores in nonisch- 
emic canine myocardium average approximately 50 
nmol/mg protein,!^!6/? whereas the CP content of 
stunned, previously ischemic tissue ranged from 38 to 77 
(mean 61.2 + 11.5) nmol/mg cardiac protein. The de- 
gree of CP overshoot did not predict segment shortening 
measured 2 hours after reperfusion (r = 0.25, p = NS; 
Fig. 2, bottom). 

Effect of hemodynamic parameters: Heart rate and 
mean arterial pressure measured before coronary occlu- 
sion averaged 146 + 14 beats/min and 121 + 19 mm Hg, 
respectively, and remained constant throughout ischemia 
and reperfusion. Similarly, the double product (heart rate 
X mean arterial pressure), an index of myocardial oxygen 
demand, remained essentially unchanged at 17,730 + 
600 to 18,200 + 710 beats/min X mm Hg throughout the 
protocols. 

Variation in heart rate or mean arterial pressure 
among the 35 dogs did not appear to account for the 
variation in postischemic contractile function. Values of 
heart rate and mean arterial pressure measured before 
and during occlusion or after reflow did not correlate 
significantly with percent segment shortening assessed 2 
hours after reperfusion (r = 0.18 to 0.33, p = NS; Table I 
and Fig. 3, top and middle). Double product measured 
before and during ischemia were also poor predictors of 
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Mean Arterial Pressure Postreperfusion vs. 
Contractile Function Postreperfusion 
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59 FIGURE 3. Effect of (top) heart rate (HR), 


(middle) mean arterial pressure (MAP) 


25 
Percent segment and (bottom) double product, assessed af- 





shortening $ í . 
2 hours ter reperfusion, on postischemic contrac- 
postreperfusion 25 tile function. Double product exerted a 
" weak but statistically significant effect on 
-50 recovery of segment shortening at 2 hours 
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Occluded Bed Size vs. 
Contractile Function Postreperfusion 
100 


75 
90 


Percent segment 25 
shortening 


2 hours 


in vivo occluded bed size. Occluded bed postreperfusion 


size did not determine recovery of function -25 


of the stunned myocardium. LV = left ven- 


postischemic function (r = 0.24 and 0.31, p = NS). 
However, double product assessed after reperfusion at- 
tained a weak (r = 0.37) but statistically significant (p 
<0.05) correlation with percent segment shortening mea- 
sured 2 hours after reflow (i.e., lower values of double 
product during reperfusion were associated with greater 
values of percent segment shortening after reperfusion 
[Fig. 3, bottom]). These data suggest that the oxygen 
demand of the stunned myocardium may in part mediate 
the recovery of postischemic contractile function. 
Effect of occluded bed size: In vivo occluded bed size 
ranged from 11 to 29% of the total left ventricular weight 
among the 35 dogs included in this analysis (mean 19.7 + 
5.0% of the left ventricle). The extent of the occluded 
LAD bed tended to mediate percent segment shortening 
after reperfusion (Fig. 4); however, this relation did not 
attain statistical significance (r = 0.31, p = NS). 
Effect of percent segment shortening during coro- 
nary artery occlusion: Virtually all dogs exhibited para- 





r = 0.31 
P < 0.10 (NS) 


In vivo occluded bed size 
(96 of total LV) 


doxical systolic bulging during LAD occlusion. Percent 
segment shortening during the period of transient isch- 
emia ranged from a maximum of +31% to a minimum of 
—108% of normal, preocclusion values (mean —31.3 + 
35.270). When percent segment shortening measured af- 
ter 2 hours of reperfusion was plotted as a function of 
percent segment shortening assessed during coronary oc- 
clusion, a highly significant correlation was observed 
(Fig. 5). The greater the dysfunction observed during the 
ischemic episode, the lower the values of segment short- 
ening observed after reperfusion (percent segment short- 
ening after reperfusion = [0.865] [percent segment short- 
ening during occlusion] + 41.80; r = 0.70, p <0.001). 
That is, the degree of dyskinesia/hypokinesia measured 
during the ischemic event reliably predicted the degree of 
recovery of contractile function of the stunned, previously 
ischemic tissue. 

In summary (Table I), recovery of contractile func- 
tion in the anesthetized canine model of the stunned myo- 


Contractile Function During Occlusion vs. 


FIGURE 5. Effect of segment shortening 
during 


measured coronary occlusion on 
segment shortening measured after reper- Percent segment 
fusion. The degree of hypokinesia/dyski- shortening 


nesia observed during the period of isch- 
emia reliably predicted acute recovery of 
tractile function ( ' i 
shortening after reperfusion — [0.865] 
[percent segment shortening during occlu- 
sion] +41.80; r = 0.70, p <0.001). r = 


2 hours 
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cardium was not influenced by either the degree of isch- 
emia during coronary artery occlusion, myocardial blood 
flow after reperfusion, heart rate, mean arterial pressure, 
high-energy phosphate content of the previously ischemic 
tissue or occluded bed size. Myocardial oxygen demand 
(i.e., double product) after reflow exerted a weak but 
significant effect on segment shortening after reperfu- 
sion. Only the degree of dyskinesia exhibited during coro- 
nary occlusion significantly and reliably “predicted” seg- 
ment shortening of the stunned myocardium. 


DISCUSSION 

Basic considerations: “Stunned myocardium” is de- 
fined as the prolonged but transient abnormality in con- 
tractile function and high-energy phosphate metabolism 
of viable myocardium salvaged by timely reperfusion. 
Although the causes or mechanisms of this phenomenon 
remain somewhat speculative, considerable evidence now 
suggests that the stunned myocardium may be a conse- 
quence of cytotoxic, oxygen-derived free radicals (i.e., the 
superoxide anion and hydroxy] radical) generated during 
occlusion or upon reperfusion. Specifically, early admin- 
istration of free radical scavenging agents or antioxidants 
(such as superoxide dismutase, catalase and allopurinol) 
has consistently been found to enhance the contractile 
function of canine myocardium stunned by a brief, 15- 
minute ischemic episode.!^?9?! Production of reactive 
oxygen species may be triggered by a calcium-mediated 
protease23; thus, abnormalities in calcium flux during 
occlusion or after reflow may play a role in the pathogen- 
esis of the stunned myocardium. This concept is support- 
ed by in vivo studies which report that calcium transport 
of myocytes is impaired after a transient period of isch- 
emia.24 Furthermore, it has been demonstrated that 
treatment with the calcium channel blocking agents ni- 
fedipine,!? verapamil!6 and diltiazem? effectively atten- 
uates postischemic dysfunction in the in vivo canine mod- 
el. Abnormalities in high-energy phosphate transduction 
within the myocytes,”° occlusion of the coronary micro- 
vasculature by granulocytes’ and structural alterations 
in the collagen fibroskeleton of the previously ischemic 
tissue?! have all been implicated as important potentially 
contributing mechanisms to the phenomenon of stunned 
myocardium. 

Determinants of stunned myocardium in the canine 
model: Although the precise mechanism of postischemic 
contractile dysfunction is poorly understood, several re- 
cent experimental studies have sought to evaluate the 
efficacy of therapeutic interventions designed to en- 
hance the recovery of the stunned, previously ischemic 
tissue. 14-1720212529 These studies are complicated by the 
marked variability in postischemic function observed 
among untreated control animals that are subjected to 
identical periods of transient ischemia. Little attention 
has been paid, however, to the identification of factors 
that may determine or predict the recovery of postisch- 
emic contractile function and thus account for this het- 
erogeneity. 

Using a conscious unsedated canine model, Bolli et 
al>° recently reported that the variable rate of recovery of 
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myocardium stunned by 15 minutes of transient ischemia 
is determined primarily by the severity of reduction of 
blood flow during coronary occlusion. In this prospective 
study, regression analysis of systolic wall thickening (an 
index of regional contractile function) vs myocardial 
blood flow yielded correlation coefficients 20.72.30 Simi- 
larly, Heusch et al?! concluded that the degree of post- 
ischemic dysfunction after brief periods of treadmill exer- 
cise in dogs correlates significantly with the severity of 
ischemia during exercise (correlation coefficients of ap- 
proximately 0.33 to 0.59). In addition, both Bolli et al°° 
and Heusch et al?! found that systemic hemodynamic 
parameters (i.e., heart rate, systolic pressure, rate-pres- 
sure product, or left ventricular end-diastolic pressure, or 
a combination of these) exerted a minor but significant 
modulating effect on recovery of wall thickening after 
reperfusion. 

We also observed that the product of heart rate X 
mean arterial pressure, measured after reflow, had a 
weak but significant effect on recovery of postischemic 
contractile function (r = 0.37). We were surprised to 
find, however, that myocardial blood flow measured dur- 
ing LAD occlusion did not appear to determine postisch- 
emic recovery of segment shortening in our model (r = 
0.016). There is no question that ischemia must be pres- 
ent in order to precipitate postischemic dysfunction. Both 
our laboratory!®!7 and others?? have noted that dogs with 
values of ischemic RMBF >30 to 50% of baseline values 
often resume normal systolic function (ie., are not 
stunned) immediately on reperfusion. Our data suggest, 
however, that in the anesthetized canine preparation, spe- 
cific values of ischemic blood flow during coronary occlu- 
sion do not accurately predict specific values of segment 
shortening after reperfusion. 

It is interesting to note that high-energy phosphate 
content of the stunned, postischemic tissue had no appar- 
ent effect on its contractile function. The poor correlation 
between endocardial ATP content vs segment shortening 
measured after reperfusion (r = 0.001) supports previous 
studies that documented a dissociation between recovery 
of function and high-energy phosphate stores after re- 
flow.1416.32 These data strongly suggest that abnormali- 
ties in high-energy phosphate content (ATP depletion or 
CP overshoot) are not the primary cause of postischemic 
contractile dysfunction. 

The only variable that reliably predicted the degree of 
recovery of stunned myocardium in our anesthetized ca- 
nine preparation was the degree of dyskinesia /hypokine- 
sia exhibited during coronary occlusion (r = 0.70, p 
<0.001); ie., marked dyskinesia during the period of 
ischemia was associated with poor postischemic function, 
whereas akinesia or hypokinesia during occlusion re- 
sulted in correspondingly greater function after reflow. 
Bolli et al3° also noted that in conscious unsedated dogs, 
hypokinesia or akinesia was associated with rapid and 
enhanced recovery of normal wall thickening after re- 
flow. However, when dyskinesia was present during oc- 
clusion in this conscious model, there was no significant 
correlation between ischemic and postischemic func- 
tion.?? Thus, it appears that the degree of dysfunction 


during ischemia is the primary determinant of postisch- 
emic systolic contractile function only in the anesthetized 
model of the stunned myocardium. 

Identification of factors that accurately determine or 
“predict” recovery of postischemic function—and the de- 
velopment of mathematic relationships between these 
predictive variables and postischemic function—may be 
useful in studies designed to assess the ability of therapeu- 
tic agents to enhance contractile function of the stunned 
myocardium. Because of the inherent and well-appreciat- 
ed variability in canine models of ischemia /reperfusion, 
large sample sizes are often required to determine wheth- 
er a given agent exerts a significant beneficial effect. The 
use of mathematic relationships (such as the correlation 
between percent segment shortening during occlusion vs 
percent segment shortening after reperfusion identified in 
the present study) may help distinguish a true treatment 
effect from an erroneous false-positive result caused by 
random variation among animals. For example, a signifi- 
cant increase in either the slope or intercept of this rela- 
tion with drug treatment would provide strong evidence 
that the intervention truly enhanced contractile function 
of the stunned, previously ischemic tissue. 

Clinical examples of stunned myocardium: Is stunned 
myocardium a condition that should concern clinicians, 
or is it merely a laboratory curiosity? Recent evidence 
suggests that this phenomenon is in fact of clinical rele- 
vance and importance. Table II summarizes situations 
that have been associated with stunned myocardium. 

Reperfusion is becoming the standard therapy for 
acute myocardial infarction. Several clinical studies in- 
vestigating the return of cardiac function after successful 
reperfusion have suggested that full recovery of contrac- 
tile function is not immediate. Rather, left ventricular 
function appears to improve gradually during the initial 
days to weeks after reflow has been established.!733-35 
For example, Stack et al!? assessed left ventricular angio- 
grams in patients who received intracoronary streptoki- 
nase for evolving myocardial infarction. Percent radial 
shortening within the infarct zone averaged only 8 + 4% 
on admission and remained unchanged (8 + 3%) 24 
hours after administration of streptokinase. However, 16 
days after streptokinase therapy, percent radial shorten- 
ing had increased to 18 + 5%.!? Reduto et al? reported 
similar results: Mean left ventricular ejection fraction 
was 0.46 + 0.15 before treatment, 0.46 + 0.10 shortly 
after thrombolytic therapy and then increased to 0.55 + 
0.10 ten days later. These observations are further sup- 
ported by Anderson et al, who used a 2-dimensional 
echocardiographic score to assess the recovery of left 
ventricular function after coronary thrombolysis. Al- 
though some initial improvement in wall motion was de- 
tected 1 day after reflow had been established, further 
increases in contractile function occurred between 1 and 
10 days after reperfusion. Similar results have been ob- 
tained when reperfusion was achieved by percutaneous 
transluminal angioplasty. Grines et al?6 found that pa- 
tients who are resistant to thrombolysis and undergo an- 
gioplasty exhibit very late recovery (i.e., at day 30 after 
treatment) of contractile function. These data all suggest 


TABLE Il Clinical Evidence of Stunned Myocardium 


Gradual return of regional function after thrombolytic therapy for acute 
myocardial infarction 

Prolonged left ventricular abnormalities of regional wall motion in 
patients with unstable angina 

Persistent left ventricular abnormalities of regional wall motion after 
exercise-induced ischemia 

Diastolic abnormalities after coronary angioplasty procedures 

Prolonged but reversible left ventricular dysfunction after cardiac 


surgery 





a delayed recovery of contractile function after success- 
ful reperfusion, presumably as a result of stunned myo- 
cardium. 

Clinical instances of postischemic dysfunction have 
also been documented after brief episodes of transient 
ischemia. Echocardiographic studies by Nixon et al? 
showed persistent regional wall motion abnormalities in 
patients with unstable angina, which were evident even 
during pain-free periods. In fact, several days were re- 
quired for contractile function to return to normal in 
these patients." Evidence of stunned myocardium has 
also been obtained after exercise-induced angina. Specifi- 
cally, Robertson et al!! performed 2-dimensional echo- 
cardiography both during exercise and 30 minutes after 
exercise in patients with coronary artery disease; 4 of 8 
patients with 2-vessel disease and 2 of 2 patients with 3- 
vessel disease demonstrated persistent wall motion abnor- 
malities 30 minutes after exercise. These results are simi- 
lar to observations made in previous experimental canine 
studies, in which treadmill exercise “triggered” prolonged 
dysfunction in dogs with a partial coronary stenosis.°® 

Perhaps one of the most interesting clinical examples 
of stunned myocardium is the relatively prolonged dia- 
stolic dysfunction that has been observed after coronary 
angioplasty. Wijns et al’? found that during multiple 15- 
to 75-second balloon inflations, the left ventricular pres- 
sure-volume relation shifted upward and to the left. That 
is, ventricular compliance was reduced during these brief 
periods of coronary artery occlusion. More importantly, 
this abnormality in the pressure-volume relation persisted 
for 12 to 15 minutes after balloon deflation in approxi- 
mately half of the patients that were studied.?? Thus, the 
diastolic abnormalities induced by very brief episodes of 
ischemia were observed even after flow had been restored. 

Finally, clinicians who care for patients after cardiac 
surgery are aware that some patients require inotropic 
support during the initial days after heart-lung bypass. A 
recent case report by Ballantyne et al? suggested that 
this delayed recovery of left ventricular function may also 
be a consequence of stunned myocardium. 

Clinical relevance: Any extrapolation of the data pre- 
sented in this study must be done with caution. However, 
the identification of predictive factors may also be of 
importance in clinical instances of stunned myocardium. 
Patients with severe left ventricular dyskinesia during the 
ischemic episode—i.e., during coronary artery occlusion, 
episodes of angina or angioplasty— may exhibit poor re- 
covery of contractile function (or more severe stunning) 
once reflow has been restored. In addition, candidates for 
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coronary bypass surgery who exhibit large areas of viable 
but dyskinetic myocardium preoperatively may be at in- 
creased risk of having stunned myocardium in the early 
postoperative phase. Early identification of such patients 
could be important, as the cautious use of inotropic agents 
during the early hours after reflow (i.e., "forcing" the 
stunned myocardium to contract???) may reduce mor- 
bidity resulting from congestive heart failure or cardio- 
genic shock in this subgroup of patients. Calcium channel 
blocking agents such as nifedipine!!725 and oxygen-free 
radical scavengers such as superoxide dismutase plus cat- 
alase!4^292! also offer promising modes of future thera- 
peutic intervention for clinical instances of stunned myo- 
cardium. 
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Comparative Study of the Effect of Nifedipine 
Versus Diltiazem on Exercise Performance, 
Serum Propranolol Levels, and ST-Segment 

Abnormalities in Patients with Chronic 
Stable Angina Taking Propranolol 


Killian Robinson, MB, Shirley Krikler, and Dennis M. Krikler, MD 


Twelve patients (10 men and 2 women), mean age 
60.6 years (range 50 to 75), with stable angina 
pectoris were administered propranolol until 8 
blockade was evident. Treadmill exercise testing 
was performed, 24-hour ambulatory electrocardio- 
grams were recorded, and serum propranolol levels 
were assessed at 1 and 2 hours after dosing with 
propranolol alone, and after 2 weeks of combined 
therapy with either nifedipine, 10 or 20 mg, or dil- 
tiazem, 60 or 120 mg, administered every 8 hours. 
Patients were assigned to treatment regimens in 
randomized, double-blind, crossover fashion. At the 
time of exercise testing, maximal exercise time, 
time to angina, peak exercise heart rate and systol- 
ic blood pressure and time to 1 mm of ST-segment 
depression were measured. The rate-pressure 
product was also calculated. Maximal exercise time 
increased from 708 + 140 seconds with propran- 
olol alone to 795 + 156 seconds after combined 
propranolol-nifedipine therapy (p <0.05), and to 
790 + 107 seconds (p <0.05) after propranolol-dil- 
tiazem therapy. Time to onset of angina increased 
from 472 + 191 seconds with propranolol alone 

to 564 + 123 seconds (p = NS) after propranolol- 
nifedipine treatment and to 607 + 197 seconds 

(p <0.05) after propranolol-diltiazem treatment. 
Peak exercise heart rate remained unchanged with 
propranolol-nifedipine therapy (103 + 16 beats/ 
min vs 104 + 17 with propranolol alone). However, 
with propranolol-diltiazem therapy, peak exercise 
heart rate significantly decreased to 95 + 14 
beats/min (p <0.05); peak systolic blood pressure 
and rate-pressure products were comparable on all 
treatment regimens. Time to 1 mm of ST-segment 
depression also increased from 443 + 186 to 612 
+ 257 seconds (p <0.05) and 596 + 215 seconds 
(p «0.05) with nifedipine combination and diltiazem 
combination therapy, respectively. Maximum ST- 
segment depression decreased from 1.75 + 0.56 
mm on propranolol alone to 1.34 + 0.5 mm on ni- 
fedipine, but this was not statistically significant. 
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The combination of propranolol and diltiazem, how- 
ever, produced a significant decrease in ST-seg- 
ment depression to 1.18 + 0.5 mm (p «0.05). One- 
hour serum propranolol levels were higher with 
propranolol and diltiazem (104 + 77.4 mg/liter) 
than with propranolol and nifedipine (72.3 + 52.5 
mg/liter; p <0.05) and propranolol alone (82.8 + 
43.3 mg/liter; p = NS). Nifedipine and propranolol 
in combination and diltiazem and propranolol in 
combination are effective as antianginal therapy in 
patients with angina pectoris. The lower peak heart 
rate on treadmill testing after propranolol-diltiazem 
may, however, reflect the combination’s adverse 
electrophysiologic actions on the heart. 

(Am J Cardiol 1989;64:27F —30F) 


features in common,! there are significant differ- 

ences in some of their effects on the cardiovascu- 
lar system.” The usefulness of these agents alone?~ and in 
combination?-!! in the treatment of angina pectoris has 
been confirmed. 

After initial success in the treatment of paroxysmal 
supraventricular tachycardia when the potent electro- 
physiologic effects of verapamil were demonstrated,!? a 
potentially dangerous interaction between verapamil and 
B blockers caused by the additive negative chronotropic 
properties of both drugs was noted.!? Diltiazem has been 
shown to have an electrophysiologic profile similar to 
verapamil.!? Nifedipine, on the other hand, possesses no 
clinical electrophysiologic effects, even in patients with 
atrioventricular node dysfunction.!^!5 Concomitant ad- 
ministration of nifedipine and 8-blocking agents is usual- 
ly well tolerated, but there have been occasional reports 
suggesting that the combination may increase the likeli- 
hood of congestive heart failure or severe hypotension. 

The antianginal and hemodynamic effects of nifedi- 
pine have not, however, been directly compared with 
those of diltiazem in patients with stable angina receiving 
chronic oral propranolol therapy. The main objectives of 
this study were to compare the effects of nifedipine vs 
diltiazem on exercise performance, ambulatory ST-seg- 
ment abnormalities and serum propranolol levels in pa- 
tients with chronic stable angina who were also taking 
propranolol. 


A Ithough calcium antagonists have many structural 
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PATIENTS 

Twelve patients (10 men and 2 women; mean age 60.6 
years; range 50 to 75) were studied. All had classic angina 
pectoris precipitated by effort and relieved by rest or 
nitroglycerin administration, or both. Patients were in- 
cluded in the study if they had demonstrated typical 
angina associated with ST-segment depression greater 
than or equivalent to 1.0 mm below the resting level, with 
the ST segment extending horizontally for at least 80 ms 
during an exercise treadmill test. Patients were excluded 
from the study if they had unstable angina, if they had a 
documented myocardial infarction within 3 months of the 
study or if they had evidence of congestive heart failure. 

Coronary angiography had been performed in 3 pa- 
tients; 2 patients had 1-vessel disease of the left anterior 
descending coronary artery, and 1 patient had 2-vessel 
disease of the left anterior descending and circumflex 
coronary arteries. Three patients had a history of myocar- 
dial infarction. None had undergone cardiac surgery. All 
patients gave written, informed consent to participate in 
the study. 


METHODS 

Protocol: All patients were treated with propranolol 
until 8 blockade had been achieved. This was defined as a 
reduction in the resting heart rate to 55 to 60 beats/min, 
or a failure of the heart rate to increase to greater than 
120 beats/min on treadmill exercise testing to onset of 
angina. Baseline exercise testing and 24-hour ambulatory 
electrocardiographic recordings were performed, and se- 
rum propranolol levels were measured. The patients were 
then randomized to receive nifedipine or diltiazem in a 
double-blind fashion, and they were given test doses of 
either 10 mg of nifedipine or 60 mg of diltiazem, increas- 
ing, if tolerated, to 20 mg of nifedipine or 120 mg of 
diltiazem, respectively. If these latter doses were tolerat- 
ed, then treatment regimens were set at 20 mg of nifedi- 
pine 3 times daily, or 120 mg of diltiazem 3 times daily, 
given in combination with propranolol. If the higher dose 
of either agent was not tolerated, the dose was set at 10 
mg of nifedipine 3 times daily or 60 mg of diltiazem 3 
times daily, given in combination with propranolol. After 
2 weeks of treatment, patients were crossed over to the 
alternative therapeutic regimen. Exercise testing, ambu- 
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FIGURE 1. Exercise hemodynamic param- 
eters including peak heart rate, peak sys- 


pranolol alone (open squares), propran- 
olol-nifedipine combination therapy 
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combination therapy (shaded squares). 
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latory electrocardiographic recording and serum pro- 
pranolol level measurements were performed at the end 
of each treatment period. 

Exercise tests: Symptom-limited (e.g., angina, fa- 
tigue, shortness of breath, etc.), multistage treadmill ex- 
ercise testing was performed on Marquette equipment 
using a modified Bruce protocol. At exercise testing, 
maximal exercise time, time to angina, peak exercise 
heart rate and systolic blood pressure, and time to 1 mm 
ST-segment depression were measured. 

Holter monitoring: Twenty-four hour ambulatory 
electrocardiographic monitoring was performed at base- 
line and at the end of each treatment period using a 
Reynolds Tracker box. Tapes were read visually on a 
Reynolds Pathfinder II or III high-speed electrocardio- 
gram analyzer. All episodes of ST-segment depression of 
1 mm or more were recorded. | 

Blood sampling: Blood was drawn for measurement 
of serum propranolol levels 1 and 2 hours after adminis- 
tration of the last dose of the drug during all 3 treatment 
periods. The specimen was centrifuged and stored at 
—20°C until the time of analysis. 

Statistical testing: Comparisons were made between 
the treatment groups using the Wilcoxon Rank test. A 
treatment by period interaction was evaluated using a 
crossover statistic. 


RESULTS 

Seven patients received 40 mg and 5 patients received 
80 mg of propranolol 3 times daily. Six patients received 
10 mg and 6 patients received 20 mg of nifedipine 3 times 
daily. Three patients received 60 mg and 9 patients re- 
ceived 120 mg of diltiazem 3 times daily. 

Exercise tolerance and effort-induced angina: Exer- 
cise tolerance increased from 708 + 140 seconds with 
propranolol alone to 795 + 156 seconds with propranolol 
and nifedipine, and to 790 + 107 seconds with propran- 
olol and diltiazem (both p <0.05 vs propranolol alone). 
There was no test-order effect noted. Two patients given 
nifedipine and 3 patients given diltiazem had no angina 
during maximal treadmill exercise. In the remaining pa- 
tients, the time to onset of angina increased from 472 + 
191 seconds with propranolol alone to 564 + 123 seconds 
(p = NS) and 607 + 197 seconds (p <0.05) with pro- 
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FIGURE 2. Ischemic changes in re- 
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pranolol and nifedipine and propranolol and diltiazem, 
respectively. 

Exercise hemodynamics: These results are summa- 
rized in Figure 1. Peak exercise heart rate was 104 + 17 
beats/min with propranolol alone. This value remained 
unchanged (103 + 16 beats/min) after the addition of 
nifedipine, but decreased to 95 + 14 beats/min when 
diltiazem was added (p <0.05). Peak systolic blood pres- 
sure and rate-pressure product remained the same during 
all 3 phases. 

Ischemic changes: The time to 1 mm of ST-segment 
depression increased from 443 + 186 seconds with pro- 
pranolol alone to 612 + 257 and 596 + 215 seconds after 
the addition of nifedipine and diltiazem, respectively (p 
«0.05 for both vs propranolol alone) (Fig. 2). Maximal 
ST-segment depression decreased from 1.75 + 0.56 mm 
with propranolol alone to 1.34 + 0.5 mm with nifedipine 
(p = NS). The combination of propranolol and diltiazem, 
however, produced a significant decrease in ST-segment 
depression to 1.18 + 0.5 mm when compared to mono- 
therapy (p «0.05). 

Ambulatory electrocardiography: The mean number 
of episodes of ST-segment depression during the 24-hour 
monitoring period decreased from 2 + 1.9 with propran- 
olol alone to 1.83 + 1.9 and 1.5 + 1.0 when combined 
with nifedipine and diltiazem, respectively (p = NS for 
both). The total duration of ST-segment depression de- 
creased from 14.9 + 15.2 min/24 hours with propranolol 
alone to 10.8 + 13.3 and 10.4 + 7.6 min/24 hours with 
nifedipine and diltiazem, respectively (p = NS for both). 

Clinical electrophysiologic effects: Minimum heart 
rate was also noted to be lower during ambulatory elec- 
trocardiography with the combination of diltiazem and 
propranolol than with either propranolol alone or nifedi- 
pine and propranolol (46 + 6 vs 51 + 5 and 52 + 4 beats/ 
min, respectively; p <0.01). Maximum heart rate was 
also lower with propranolol and diltiazem than with ei- 
ther propranolol alone or propranolol and nifedipine (88 
+ 9 vs 98 + 12 and 93 + 11 beats/min, respectively) but 
this was not significant. Atrioventricular conduction time 
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as measured electrocardiographically was also prolonged 
with diltiazem and propranolol when compared with ei- 
ther propranolol alone or propranolol and nifedipine (226 
+ 34 vs 207 + 35 and 207 + 32 ms, respectively), al- 
though this did not achieve statistical significance. 

Serum propranolol levels: The 1-hour propranolol 
level remained unchanged during combination therapy 
with nifedipine 72.3 + 52.5 mg/liter vs 82.8 + 43.3 mg/ 
liter with propranolol alone (p = NS). One-hour propran- 
olol levels during combination therapy with diltiazem 
were not significantly greater than with propranolol alone 
(104 + 77.4 vs 82.8 + 43.3 mg/liter), but were higher 
than with nifedipine (104 + 77.4 vs 72.3 + 52.5 mg/liter; 
p <0.05). Two-hour blood levels were the same with all 3 
treatment regimens. 

Adverse effects: Adverse effects were noted only at 
the time of initial dose titration of nifedipine or diltiazem. 
Asymptomatic hypotension was seen in 3 patients, and 
symptomatic hypotension was noted in another 3 patients 
who were given 20 mg of nifedipine. Their maintenance 
dose was therefore set at 10 mg 3 times daily. Two pa- 
tients given 120 mg of diltiazem became hypotensive, and 
1 of these patients was symptomatic. A third patient had 
symptomatic sinus bradycardia while taking 120 mg of 
diltiazem, with a heart rate of 44 beats/min. The mainte- 
nance dose in all 3 patients was reduced to 60 mg 3 times 
daily. Although there have been occasional reports of 
congestive heart failure with both nifedipine and diltia- 
zem when given with 8 blockers, no deterioration of car- 
diac function was seen in this study. 


DISCUSSION 

The calcium antagonists nifedipine and diltiazem are 
both useful in the treatment of patients with angina pec- 
toris; however, a direct comparison of their possible ad- 
verse electrophysiologic effects in patients with chronic 
stable angina pectoris receiving concomitant propranolol 
has not previously been undertaken. Our results show 
similar antianginal benefit resulting from the addition of 
both of these medications to propranolol, but a potential 
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for depression of sinoatrial and atrioventricular nodal 
function was seen with the combination of propranolol 
and diltiazem. 

In this study, exercise tolerance was increased signifi- 
cantly (p «0.05 vs propranolol alone) by the addition of 
both nifedipine and diltiazem. In 3 patients given diltia- 
zem and 2 patients administered nifedipine, angina disap- 
peared on exercise testing during combination therapy. In 
the remaining patients, mean time to onset of angina was 
increased to a similar extent by the administration of both 
combinations of drugs. With all treatment regimens, the 
rate-pressure product remained the same. 

Effect on ambulatory monitoring: The mean number 
of episodes of ST-segment depression was reduced, al- 
though not significantly. There was also a reduction in the 
total duration of ST-segment depression, which did not 
achieve statistical significance. 

Adverse effects: Both forms of combination therapy 
are safe, although symptomatic hypotension may be seen 
more often with the administration of nifedipine. In this 
study, 1 patient taking diltiazem, 80 mg 3 times daily, 
had dizziness and symptomatic bradycardia with a docu- 
mented heart rate of 44 beats/min when titrated to 120 
mg 3 times daily. 

Short-term treatment with the combination of nifedi- 
pine and propranolol or diltiazem and propranolol offers 
equal benefit in patients with chronic stable angina pecto- 
ris. The potential hypotensive effect of nifedipine, which 
is probably due to a combination of its vasodilatory prop- 
erties and propranolol-induced loss of sympathetically 
mediated reflexes, may be avoided in most instances by 
careful monitoring during titration. The nifedipine-pro- 
pranolol combination also lacks the potential disadvan- 
tages of negative inotropy, atrioventricular conduction 
disturbance and unwanted bradycardia that have been 
associated with diltiazem-propranolol therapy. 

In the patients in this study, maximal heart rate was 
reduced during exercise testing with the combination of 
propranolol and diltiazem. In addition, ambulatory elec- 
trocardiography revealed lower minimum and maximum 
heart rates throughout the day, and 1 patient had symp- 
tomatic bradycardia. Atrioventricular conduction time 
was also prolonged. Although this did not achieve statisti- 
cal significance, it confirms the potential for serious con- 
duction disturbances. 


CONCLUSIONS 

In this study, both nifedipine and diltiazem produced 
an added beneficial effect on the treadmill exercise per- 
formance when added to 6 blocker therapy. With the 
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nifedipine-propranolol combination therapy, peak exer- 
cise heart rate was unchanged when compared with peak 
heart rate during propranolol monotherapy, whereas 
peak exercise heart rate decreased significantly (p <0.05) 
with diltiazem-propranolol combination therapy. This 
observation suggests the possibility of an additive nega- 
tive electrophysiologic interaction when diltiazem and a 6 
blocker are administered together. A possible biochemi- 
cal correlate may be the observed tendency of diltiazem 
to increase serum propranolol levels after oral adminis- 
tration of both agents. No apparent increase in serum 
propranolol levels were observed after nifedipine adminis- 
tration. However, the possibility of a direct cause and 
effect relation between these biochemical findings and 
clinical observations requires further study. 
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Usefulness of Nifedipine for Myocardial 
Ischemia and the Nifedipine Gastrointestinal 





Therapeutic System 


Neville Bittar, MD 





Although conventional treatment of angina pectoris 
with nifedipine capsules involves frequent daily 
dosing, a new vehicle for the once-daily delivery of 
this potent but insoluble calcium channel blocking 
agent has been developed. With the gastrointestinal 
therapeutic system (GITS) formulation, constant ef- 
fective drug levels of nifedipine are delivered for a 
full 24-hour period. When nifedipine GITS 30, 60 
or 90 mg was administered once daily to patients 
with stable angina pectoris taking 8 blockers, clini- 
cal effectiveness was demonstrated both by an in- 
crease in time to angina and by exercise time com- 
pared with placebo. Improvement was noted to be 
more significant with the higher doses of nifedipine 
administered once daily. This study indicates that 
nifedipine GITS provides additional antianginal pro- 
tection in patients with exercise-induced angina 
secondary to coronary artery disease who are re- 
ceiving a fixed dose of 8 blocker. 

(Am J Cardiol 1989;64:31F —34F) 
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tive calcium channel blocking agent used in the treat- 

ment of patients with angina pectoris. However, due 
to its relatively short half-life (approximately 2 hours), 
the drug must be administered at least 3 times a day when 
treating such patients. More recently, a convenient once- 
daily formulation has been developed that provides uni- 
form plasma drug concentrations over a 24-hour period: 
the nifedipine gastrointestinal therapeutic system 
(GITS).! 

Nifedipine GITS operates by virtue of a push-pull 
osmotic pump (Fig. 1).! In this bilayer tablet, the active 
drug is contained in the top layer, and the osmotic poly- 
mer driving agent in the bottom layer. The tablet is coat- 
ed with an indestructible semipermeable membrane 
through which a single orifice has been laser-drilled on 
the drug side to allow the exit of nifedipine. The pump 
operates by way of a push-pull mechanism: water crosses 
the semipermeable membrane by osmosis and causes the 
lower push layer to expand at a controlled rate, which 
results in a zero-order rate of delivery of the nifedipine 
suspension in the drug core out of the drilled orifice. 

As indicated by in vitro and in vivo experiments, nifed- 
ipine is effectively released during operation of the GITS 
system with approximately 10% of residual drug remain- 
ing.! The release rate of nifedipine GITS is not influenced 
by gastrointestinal pH or motility. 


[: its capsule formulation, nifedipine is a highly effec- 


PHARMACOKINETICS OF NIFEDIPINE 
GASTROINTESTINAL THERAPEUTIC SYSTEM 

It has been established that nifedipine is rapidly elimi- 
nated due to extensive hepatic metabolism, with a total 
body clearance of 450 to 700 ml/min.? Because of this 
rapid first-pass metabolism, oral bioavailability has 
ranged from 45 to 68% in pharmacologic investigations. 
However, because bioavailability and peak plasma drug 
concentrations are proportional to the administered dose, 
and neither absorption nor elimination is subject to satu- 
ration, the pharmacokinetics of both single- and multiple- 
dose nifedipine regimens are linear. 

Studies using the nifedipine GITS formulation show a 
relatively constant plasma nifedipine concentration pro- 
file with very little peak to trough variability throughout 
the 24-hour dosing interval (Fig. 2).? Observations re- 
garding comparisons of conventional capsules vs the ni- 
fedipine GITS preparation indicate that the bioavailabil- 
ity of GITS is approximately 55 to 65% of a single dose 
and increases to 75 to 85% at steady-state conditions after 
multiple dosing. Incomplete absorption of the drug has 
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FIGURE 1. Representation of the nifedipine gastrointestinal 
therapeutic system (GITS) tablet, which is driven by a push- 
pull osmotic pump. A finely divided form of nifedipine is con- 
tained in the top drug core, and the osmotic polymer driving 
agent is in the bottom layer. As water is absorbed in the sys- 
tem, a suspension of nifedipine is forced out of a laser-drilled 
orifice at a precisely controlled rate over a 24-hour period as 
the push compartment expands. (Reproduced with permission 
from Am J Med.!) 
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been observed when transit time of the tablet is signifi- 
cantly less than 24 hours. 

When dealing with high-potency preparations such as 
nifedipine, it is important to avoid situations in which a 
large portion of the drug may be released from the tablet 
at one time. Due to the structure and function of the 
nifedipine GITS tablet, it is virtually impossible for 
“dose-dumping” to occur. In fact, studies of more than 
150 healthy volunteers failed to identify the occurrence of 
such a phenomenon 

In single-dose studies, it has been found that the nifed- 
ipine GITS tablet requires hydration to occur for approx- 
imately 2 hours before plasma drug concentrations begin 
to increase. The concentrations then reach a plateau at 6 
hours and maintain constant levels for a 24-hour period 
(Fig. 3).? The results taken together suggest that the 
nifedipine GITS formulation permits greater control over 
steady-state plasma concentrations. Once-daily dosing 
results in relatively constant plasma drug concentrations 
that are predictable based on the dose of nifedipine ad- 
ministered. 


FIGURE 2. Mean steady-state plasma ni- 
fedipine concentrations in healthy volun- 
teers after multiple oral doses of 60-mg 
GITS tablets or two 10-mg capsules every 
8 hours (n = 23). Squares, capsules; cir- 
cles, GITS. (Reproduced with permission 
from Am J Med.?) 


42 


FIGURE 3. Mean plasma nifedipine con- 
centrations in healthy volunteers after sin- 
gle 60-mg GITS tablets or two 10-mg cap- 
sules (n = 23), Squares, capsules; circles, 
GITS. (Reproduced with permission from 
Am J Med.?) 


FIGURE 4. Mean change from baseline in 
time to angina at 8 and 24 hours after 
dosing in all patients who received nifedi- 
pine GITS compared with placebo. P val- 
ues represent significant differences be- 
tween nifedipine GITS and placebo. 


CLINICAL USE OF NIFEDIPINE 
GASTROINTESTINAL THERAPEUTIC 
SYSTEM IN PATIENTS WITH 
STABLE ANGINA PECTORIS 

A multicenter trial involving 63 patients with angina 
pectoris was performed in order to determine the clinical 
usefulness of the once-daily nifedipine GITS tablet. All 
patients enrolled in the study were required to have a 
history of stable angina pectoris documented by exercise- 
elicited flat or downward ST-segment depression of 1.0 
mm or more. All patients continued to receive their usual 
dose of 8 blocker, but other antianginal agents were dis- 
continued. The interim results of the study have been 
reported previously.? 

Phase I of the study consisted of a 2-week washout 
period. Baseline exercise tolerance testing established the 
patients' response to maximal antianginal therapy before 
withdrawal of agents other than 8 blockers. The second 
phase of the study involved the administration of placebo 
plus 8 blocker for 2 weeks. Exercise testing at weekly 
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FIGURE 5. Change from baseline of the 8/ 
24 mean time to angina by randomized 
dose group. 
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TABLE I Mean Change from Baseline in Time to Angina with 
Exercise Measured 8 and 24 Hours After the Final Dose of 
Placebo or Nifedipine GITS 30, 60, or 90 mg 


Nifedipine GITS 







Placebo 30 mg 60 mg 90 mg 





Time 
postdose 






N Mean* N Mean N Mean N Mean 











8 hours 74.4 13. 71.1. .10. 1172 
(0.015)** (0.025) (0.001) 
24hous 14 120 14 783 10 1039 11 117.6 









(0.068) (0.022) (0.008) 














Mean of 8 75.9 9 1059 10 1223 
and 24 (0.015) (0.003) (0.0005) 
hours 





* Values represent mean change from baseline in seconds. 
** Number in ( ) is p-value for pairwise comparison to placebo mean change. 


visits resulted in entry of patients who exhibited repro- 
ducible time to angina within +20% into a double-blind 
phase of the study. For patients who had antianginal 
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90 mg 
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p-value: Pairwise comparison of nifedipine GITS to placebo 
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medications other than 6 blockers discontinued, a short- 
ening of time to angina by at least 60 seconds was neces- 
sary for entry into this next phase. In addition, all patients 
were required to have a minimum of 4 anginal episodes 
per week. 

Patients meeting these criteria were assigned to re- 
ceive nifedipine GITS, 30, 60 or 90 mg, or placebo. Exer- 
cise testing was performed at 8 and 24 hours after dosing 
at the end of the 2-week double-blind treatment period. 
The antianginal efficacy of nifedipine GITS was superior 
to placebo. At both the 8- and 24-hour exercise tests, 
significant increases in the time to angina were seen in 
patients treated with nifedipine GITS (Fig. 4). In fact, in 
9 patients tested 24 hours after nifedipine GITS dosing, 
angina during exercise testing was abolished. When as- 
sessed by individual dose groups, significant improve- 
ments in the time to angina were demonstrated across the 
30- to 90-mg dose range (Table I). In addition, the mag- 
nitude of effect was consistent and was maintained at 
both the 8- and 24-hour postdose exercise tests. 

In this study, the plasma concentrations of nifedipine 
were determined in conjunction with exercise tests during 
treatment and for each dose level, and for each level the 
mean plasma concentrations measured at 8 and 24 hours 
were found to be virtually identical. Given this and the 
fact that no significant treatment by time interaction was 
observed using a repeated-measure analysis, the mean of 
the 8- and 24-hour exercise test data was determined. The 
data displayed in Figure 5 clearly demonstrate a signifi- 
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cant improvement in the time to angina for each dose 
group compared with placebo. Furthermore, the data 
show that as dose increases, so does response to treat- 
ment. 

Treatment with nifedipine GITS was well tolerated. 
In general, edema and headache side effects commonly 
associated with vasodilation, were encountered in 4 and 2 
patients, respectively, of the 46 patients who were treated 
with nifedipine GITS. No clinically significant laborato- 
ry abnormalities were noted with nifedipine GITS thera- 


y. 

In conclusion, studies with the nifedipine GITS prepa- 
ration demonstrate the effectiveness of this new tablet 
form in providing drug over a 24-hour period in a con- 
stant steady state with clinically effective blood concen- 
trations and proved antianginal efficacy. These studies 
also suggest that nifedipine GITS may provide additional 
antianginal protection in patients with exercise-induced 
angina secondary to coronary artery disease who are re- 
ceiving a fixed dose of 6 blocker. 
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Pathophysiologic Role of Calcium in the 
Development of Vascular Smooth Muscle Tone 


Kathleen G. Morgan, PhD, Panos Papageorgiou, MD, and Meei Jyh Jiang, PhD 


Recent information indicates that the intracellular 


ionized calcium concentration [Ca?*]i plays a regu- 
latory role not only in determining the magnitude of 
vascular tone but also in regulating growth of vas- 
cular tissue. Studies on living vascular smooth mus- 
cle cells using the calcium indicator aequorin have 
revealed that the relation between [Ca?*]i and con- 
traction of the vascular smooth muscle cell is com- 
plex. More than 1 intracellular kinase may be in- 
volved, leading to the coexistence of multiple exci- 
tation-contraction coupling pathways. However, it 
appears that all of these pathways may be calcium- 
dependent. It is not yet known whether the cause of 
human essential hypertension involves an elevated 
[Ca?*]i in the vascular smooth muscle cell. How- 
ever, evidence is presented supporting the concept 
that a decreased [Ca?*]i in the hypertensive smooth 
muscle cell will lead to a decrease in vascular tone 
and total peripheral resistance, and possibly also 
antagonize the growth response of the vascular 
smooth muscle cell associated with the secondary 
effects of hypertension. 

(Am J Cardiol 1989;64:35F —40F) 
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clecell contracts has lagged behind that for skeletal 

and cardiac muscle cells primarily because of the 
greater technical difficulties of studying these small cells. 
In the past, the assumption has been made that the pro- 
cesses of excitation-contraction coupling in smooth mus- 
cle cells were probably very similar to those occurring in 
skeletal and cardiac muscle cells. However, the ability to 
maintain prolonged (i.e., tonic) contractions without 
showing fatigue is a property of smooth muscle that sets it 
apart from skeletal and cardiac muscle and that may be 
expected to result from unique excitation-contraction 
coupling processes. Recent success in the application of 
calcium-indicator technology to vascular smooth muscle 
cells has allowed us to monitor changes in cytoplasmic 
ionized calcium levels [Ca?*]i when vascular smooth 
muscle contracts.!-? The [Ca?*]i signals have been rather 
surprising and have indicated that smooth muscle differs 
from striated muscle not only in its excitation-contraction 
coupling mechanisms, but also in the complex relation 
between calcium and vascular tone. 

This report discusses what is known about the normal 
physiologic role of [Ca?*]i in the regulation of contrac- 
tion of the vascular smooth muscle cell; reviews what is 
known about how that role changes in the pathophysio- 
logic state of hypertension; and, finally, considers the 
possibility that calcium plays a role as a second messenger 
not only in tone generation but perhaps also in some of the 
growth responses that are associated with hypertension. 


Q: knowledge of how the vascular smooth mus- 


PHYSIOLOGIC ROLE OF CALCIUM 
AND CONTRACTION OF VASCULAR 
SMOOTH MUSCLE 

The simplest relation between [Ca?*]i and force ap- 
pears to occur during the contraction in response to sim- 
ple depolarization of the cell membrane. This depolariza- 
tion is most easily achieved in vitro by increasing the 
potassium concentration in the bathing medium. A typi- 
cal potassium-induced contraction and [Ca?*]i signal 
from a hog coronary artery are illustrated in Figure 1. In 
this and subsequent figures, the luminescent calcium in- 
dicator aequorin was used to measure [Ca?*]i by previ- 
ously described methods.^ 5 Aequorin emits light in re- 
sponse to calcium, and the signal is recorded as nanoam- 
peres of current from the photomultiplier tube. As can be 
seen, there is a monophasic increase in both force and 
calcium, and the changes in force are roughly paralleled 
by changes in the calcium-indicator signal. 

In contrast to the rather simple [Ca?*]i signal seen in 
Figure 1, more complex relations are evident in the pres- 
ence of agonist-induced tonic contractions. Figure 2 
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FIGURE 1. Force in units of millinewtons (mN) (fop trace) and 
aequorin light in units of nanoamperes (nA) (bottom trace), in 
response to exposure of a hog coronary artery to 33 mM K* 
e TH ETOR 
Physiol. 


shows the response of a hog coronary artery to the admin- 
istration of the cholinergic agonist carbachol. Carbachol 
also causes a prolonged tonic contraction of the artery; 
however, the accompanying [Ca?*]i profile does not in 
any way parallel the force profile. Typically, there is an 
initial large spike-like elevation in [Ca?*]i during the 
development of the contraction but then, during tone 
maintenance, [Ca?*]i moves to a much lower, near basal 
plateau level. This type of calcium profile has been seen in 
response to a number of different agonists (including o 
agonists and angiotensin).>-’* Similar responses to carba- 
chol have been seen in the human coronary artery (Jiang 
et al, unpublished observation). Figure 2 also shows the 
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response to potassium depolarization in the same artery. 
The low dose of potassium depolarization used in this 
experiment produced a larger steady-state elevation in 
[Ca?*]i than did carbachol (in the steady state); however, 
despite higher [Ca2*]i, the force generated by potassium 
was far less. A number of situations have been identified 
in which the steady-state force-to-calcium ratio (i.e., the 
amount of force maintained at a certain level of [Ca?*]i) 
depends on the agonist used to produce the contrac- 
tion.?79-1! This means that the intracellular calcium con- 
centration cannot be predicted from the magnitude of the 
contraction. 

The highest [Ca?*]i requirement appears to occur 
during a potassium contracture in all tissues, and the 
lowest requirement for [Ca?*]i that has been seen is in 
response to prostaglandin F5, in the hog coronary artery. 
In the latter model, no detectable increase in [Ca?*]i was 
noted during the prostaglandin-induced contraction. Two 
explanations for this phenomenon have been suggested?: 
Either agonists are capable of altering the calcium re- 
quirement of a specific site on the contractile apparatus, 
or perhaps agonists are capable of recruiting a second 
system with a different calcium requirement. The second 
explanation includes the possibility that agonists can re- 
cruit a calcium-independent system. 

The exact calcium-binding site associated with the 
contractile apparatus in smooth muscle is currently a 
matter of intense investigation in many laboratories. 
There is considerable evidence in published reports impli- 
cating a role for the calcium-dependent phosphorylation 
of 20,000 dalton myosin light chains as a regulatory sys- 
tem in the contraction of the smooth muscle cell.!? Sever- 
al investigators have demonstrated a prerequisite for 
phosphorylation of the myosin light chains before actin- 
activated adenosine triphosphatase activity (i.e., contrac- 
tion) can occur, and have correlated the degree of con- 
traction or rate of cross-bridge cycling, or both, with the 
amount of myosin light-chain phosphorylation. This 
phosphorylation occurs in response to an increase in 


FIGURE 2. Force (fop) and light (bottom) 
from the same hog coronary artery in re- 
sponse to 10-5 M carbachol (left panel) or 
17 mM K* physiologic saline solution 
(right panel). The dashed line indicates 
the baseline. (Reprinted with permission 
from J Physiol.) 


FIGURE 3. The effect of a phorbol ester, 
12-deoxyphorbol 13-isobutyrate 20-ace- 
tate (DPBA), on a human coronary artery 
from a patient with myocarditis. DPBA in- 
duced a slow tonic contraction (top) with 
no detectable changes in [Ca?*]i (bottom), 
even though a comparable contraction to 
21 mM K+ in the same tissue produced 
clearly detectable increase in [Ca?*]i. 


0.5 uM DPBA 


[Ca?*]i in the cytosol sufficient to activate the calcium- 
dependent enzyme myosin light-chain kinase. The rever- 
sal of this reaction does not appear to have a calcium 
requirement but rather occurs when [Ca?*]i is reduced to 
levels that are no longer sufficient to activate the kinase, 
so that the ongoing activity of the phosphatase dominates 
and results in a net dephosphorylation of the light chains. 

All of the observations described thus far are consis- 
tent with the concept that during the potassium contrac- 
ture, the only calcium-dependent regulatory system in 
operation is myosin light-chain phosphorylation. We 
have measured the amount of myosin phosphorylation 
occurring during the potassium contracture of the same 
ferret aorta muscles in which [Ca?*]i was measured, and 
have found that the changes in myosin light-chain phos- 
phorylation closely parallel the monophasic changes in 
[Ca?*]i and force.!9!! However, it is obvious that a more 
complex event must be occurring during the contraction 
induced by carbachol and a agonists. One hypothesis!? is 
that when [Ca?*]i levels decrease from the initial peak to 
a lower though still suprabasal level, dephosphorylation 
occurs, which causes the cross-bridge cycling rate to slow 
down or to stop completely. However, as long as there is a 
slight elevation of [Ca?*]i, the cross-bridge cycle essen- 
tially stops in the attached state, accounting for tone 
maintenance. This hypothetical state has been called the 
"Jatch state," and this concept is consistent with other 
observations!^ that during similar monophasic tonic con- 
tractions of smooth muscle, there is an initial spike in the 
rate of energy use. However, during force maintenance 
the rate of energy consumption greatly diminishes, there- 
by allowing smooth muscle to display its characteristic 
high economy. 

The maintenance of force by latch bridges after de- 
phosphorylation of the light chains may explain the low 
[Ca?*]i requirement for tone maintenance of phenyleph- 
rine and carbachol contractions. However, this concept is 
not consistent with other observations made with respect 
to contractions in response to prostaglandin F>,, which 
can occur in the presence of no detectable change in 
calcium. We have recently observed that a group of 
experimental tools termed “phorbol esters” can also con- 
tract vascular smooth muscle in the absence of any de- 
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tectable change in [Ca?*]i.!? These agents are of interest 
because they cause a specific activation of another kinase, 
protein kinase C, which is thought to be involved in some 
of the agonist-induced contractions that cannot be ex- 
plained by myosin light-chain kinase alone.!? 

An example of the action of a phorbol ester on a strip 
of human coronary artery is shown in Figure 3. Two 
responses of the same human coronary artery loaded with 
aequorin are shown in this figure. The first response is to 
the phorbol ester DPBA, which causes a sizable contrac- 
tion of tissue but with no detectable increase in [Ca?*]i. 
In contrast, after washing out the phorbol ester, a low 
level of potassium depolarization causes an equal or 
smaller contraction in the same muscle with a clearly 
observable increase in [Ca?*]i. Thus, the contraction to 
the phorbol ester is occurring more by a change in the 
[Ca?*]i requirement rather than by a change in the 
[Ca?*]i level itself. These and other studies indicate that 
in some smooth muscles, the calcium level required for 
these contractions to occur is no more than that already 
present in the resting cell (i.e., 100 to 300 nM [Ca?*]i). It 
is important to point out that if [Ca?*]i is lowered far 
enough below baseline, the contraction probably will be 
inhibited since protein kinase C is calcium dependent. 
These responses to the phorbol esters are of particular 
interest because they may tell us something about the 
normal mechanisms by which agonist-induced contrac- 
tions occur in vascular smooth muscle. Experiments are 
now ongoing in many laboratories in order to determine 
whether protein kinase C plays a role in agonist-induced 
tone maintenance. There is already considerable evidence 
amassed that this enzyme is activated during o-adrener- 
gic and muscarinic contractions.!6-15 A recent report has 
suggested that protein kinase C activity may be abnormal 
in hypertension.!? If protein kinase C is activated in hy- 
pertension, this may explain the increased vascular tone 
seen. 


HYPERTENSION AND CALCIUM 

In the established phase of hypertension, there is char- 
acteristically an increase in total peripheral resistance. 
However, this increase may be due to either an increase in 
intrinsic myogenic tone of the vascular smooth muscle 
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cells or to structural factors such as hypertrophy of the 
vascular wall.292! It is possible that both myogenic tone 
and growth responses are a result of increased [Ca?* ]i. 

With respect to a possible role of [Ca?* ]i in the eleva- 
tion of intrinsic myogenic tone during hypertension (Ta- 
ble I), there have been reports of an increased responsive- 
ness to agonists in animal models of hypertension??? that 
could be due to either an increase in [Ca?*]i or to an 
increase in the sensitivity of the contractile apparatus to 
[Ca?*]i. It is important that accurate measurements be 
made of both [Ca?*]i levels and calcium sensitivity in 
human tissue from hypertensive patients. However, this 
obviously presents formidable technical limitations. It is 
for this reason that most of the experiments have been 
performed on animal models of hypertension, particular- 
ly the spontaneously hypertensive rat. 

In these animal models of hypertension, alterations in 
ionic transport as well as shifts in dose-response curves to 
agonists have been demonstrated. Recently, cultured 
vascular smooth muscle cells from spontaneously hyper- 
tensive rats have been used in calcium-indicator studies 
using the fluorescent calcium indicator Indo-1. Sugiyama 
et al?4 reported that isolated cells from subconfluent cul- 
tures contained higher [Ca?*]i levels than cells originat- 
ing from normotensive rats. Cells from 1-kidney, 1-clip 
hypertensive rats showed no difference in their calcium 
levels compared with levels in the normotensive controls. 
These results must be interpreted cautiously not only 
because they represent an animal model of hypertension 
that may differ in etiology from human hypertension, but 
also because there may be significant changes in the 
property of the cells in culture. 

A similar study on cultured cells from spontaneously 
hypertensive rats used another fluorescent indicator, 
quin2, to measure cytosolic calcium levels. This investiga- 
tion found that the spontaneously hypertensive rat cells 
display a greater increase in [Ca?*]i in response to vaso- 
pressin than do normotensive rat cells; however, the re- 
sponse to angiotensin II is the same in both cell types.” 
These results must also be interpreted with caution. 
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Quin2 is a fluorescent indicator that causes additional 
technical problems of having a low quantal yield and a 
high rate of bleaching, as well as presenting significant 
problems with movement artifacts that obscure the true 
calcium-dependent signal. 

In human tissue, the only results reported to date are 
on blood components in which platelets from patients 
with essential hypertension have been shown to contain 
higher [Ca?*]i levels than platelets from normotensive 
subjects.2927 It is difficult to determine the connection 
between these changes in platelets to possible changes in 
myogenic tone, although they may have significant im- 
portance with respect to coagulability changes occurring 
in hypertension. 

Thus far, it has not yet been determined if [Ca?*]i is 
increased in human vascular smooth muscle cells either in 
the early stages or in the established phase of essential 
hypertension. Therefore, the possibility remains that an 
increase in myogenic tone may not be due to an elevation 
of [Ca?*]i, but to a lowering of the [Ca?*]i requirement 
for contraction. A change in the calcium requirement 
could either occur through a decrease in the calcium 
requirement for turning on one system (such as myosin 
light-chain kinase), or perhaps through the recruitment 
of a second system (such as protein kinase C) having a 
very low calcium requirement. 

Two studies using skinned smooth muscle prepara- 
tions (i.e., preparations in which the surface membrane is 
chemically removed so that intracellular calcium levels 
can be controlled) have been reported, but in both cases 
there was no observed change in the calcium sensitivity in 
either spontaneously hypertensive rats or in aldosterone- 
salt hypertensive rats.7*:2° However, it seems likely that 
the chemical removal of the surface membrane in smooth 
muscle preparations may also have removed important 
regulatory components that may be responsible for a 
calcium sensitivity change in hypertension. It is also pos- 
sible that the human form of the disease may have a 
different etiology than the animal models studied. 


CALCIUM AND GROWTH 

An increase in [Ca?*]i constitutes one of the signals 
that follows the binding of growth factors to membrane 
receptors. In rat fibroblasts and thymocytes, platelet-de- 
rived growth factor mobilizes calcium from intracellular 
storage sites.?9?! In another cell line, human A431 epi- 
dermal carcinoma cells, epidermal growth factor is re- 
ported to increase [Ca?*]i levels.?! Insulin-like growth 
factor II can also elevate [Ca?*]i levels in competent 
fibroblasts pretreated with epidermal growth factor or 
platelet-derived growth factor? Moreover, [Ca?*]i 
alone may exert growth effects. At low concentrations, 
the calcium ionophore A23187 has mitogenic effects on 
fibroblasts and thymocytes.?? Therefore, it is possible that 
not only an elevation in myogenic tone but also an altered 
growth response results from altered [Ca?*]i levels in 
vascular smooth muscle cells in hypertension. The possi- 
bility that growth and contractile abnormalities associ- 
ated with hypertension are linked to calcium is further 
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suggested by the fact that platelet-derived growth factor 
and epidermal growth factor have recently been shown to 
induce contractile responses on vascular smooth muscle 
cells, in addition to having proliferative effects on vascu- 
lar smooth muscle.??34 

The intermediate steps that occur between a transient 
increase in cytosolic calcium and the ensuing nuclear 
events are not yet known. There is evidence that the 
calcium-calmodulin complex may stimulate the tran- 
scription of genetic messages, such as the prolactin gene 
in rat pituitary cells.?? It has also been shown that cal- 
modulin accumulates in the nucleus of the rat adrenal 
cortex cells after treatment with adrenocorticotropic hor- 
mone. There is also evidence for the existence of nuclear 
membrane mechanisms that regulate intranuclear calci- 
um concentrations. It has been reported in isolated 
smooth muscle cells that nuclear [Ca?*]i levels are ap- 
proximately 2 times higher than cytoplasmic [Ca?*]i lev- 
els.) These same investigators reported that nuclear 
[Ca?*]i did not passively follow cytosolic [Ca2*]i. The 
idea that the cell expends energy to maintain a calcium 
gradient across the nuclear membrane suggests that the 
calcium levels in the nuclear area may perform a regula- 
tory role, possibly in the control of gene expression. How- 
ever, recent data from our laboratory,” obtained from 
mammalian vascular smooth muscle cells, support the 
idea that a perinuclear sarcoplasmic reticulum may be 
the main contributor to the high nuclear [Ca?*] values, 
and not the intranuclear space per se. 

In the established phase of hypertension, calcium- 
induced changes in growth may be closely related to 
changes in contractility of the vascular smooth muscle 
cell. Some of these possible interactions are shown in 
Figure 4. In the established phase of hypertension, there 
may well be an increase in [Ca?*]i levels. This could 
either be related to the original etiology of the hyperten- 
sion or could be secondary to the increase in wall tension 
that exists in the established phase of hypertension. 
Stretch-activated calcium channels have been described 
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that may then lead to an increase in [Ca?*]i as a direct 
result of the increase in wall tension.?83? 

Regardless of the mechanism, if there is an increase in 
[Ca?*]i, this may in itself induce a growth response that 
would increase total peripheral resistance simply by the 
resultant decrease in vessel lumen. The increase in 
[Ca?*]i would also activate the contractile system, gener- 
ating additional intrinsic tone. However, it has also been 
suggested that, by physical mechanisms, an increase in 
tension directly induces a growth response that is associ- 
ated with alterations in contractile proteins. These alter- 
ations in the contractile proteins may result in altered 
contractile properties, and perhaps a decreased [Ca?*]i 
requirement for contraction. It seems equally possible 
that if there are genetic alterations resulting in changes in 
the contractile protein composition, there may also be 
alterations in proteins that regulate calcium homeostasis. 
This would therefore contribute to a positive feedback 
cycle by causing increased [Ca?*]i. Thus, changes in both 
contractile activity and growth patterns associated with 
hypertension may be interrelated and they may have, as a 
common link, changes in [Ca?*]i levels or [Ca?*]i re- 
quirements. 
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Renal Hemodynamic Effects of 
Calcium Antagonists 


Rodger D. Loutzenhiser, PhD, Murray Epstein, MD, and Koichi Hayashi, MD 


Recently, attention has focused on the effects of 
calcium antagonists on renal function. When ad- 
ministered in vitro to the isolated perfused kidney, 
calcium antagonists exhibit predictable actions al- 
lowing for characterization of their renal effects. 
Calcium antagonists do not affect the vasodilated 
isolated perfused kidney; however, they do dramat- 
ically alter the response of the kidney to vasocon- 
strictor agents. In the presence of norepinephrine, 
calcium antagonists markedly augment the glomer- 
ular filtration rate but produce only a modest im- 
provement in renal perfusion. A study using the 
postischemic hydronephrotic rat kidney model that 
permits direct visualization of afferent and efferent 
arterioles, this study demonstrated that this prefer- 
ential augmentation of the glomerular filtration rate 
is primarily attributable to a selective vasodilation 
of pre-glomerular vessels. Although the clinical im- 
plications of such observations are not yet clear, 
preliminary studies in experimental animal models 
indicate that calcium antagonists might exert salu- 
tary effects on renal function in clinical settings 
characterized by impaired renal hemodynamics. 
The possible benefits of calcium antagonists in 
ameliorating the development of renal dysfunction 
in patients in whom there is increased risk of acute 
renal insufficiency remain to be evaluated. 

(Am J Cardiol 1989;64:41F—45F) 
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in the past 2 decades has been the development 

of calcium antagonists. Since their introduction, 
attention has focused on their beneficial effects in the 
management of symptomatic coronary artery disease, as 
well as their blood pressure-lowering effects. During the 
past 5 years, there has been an increasing awareness that 
this class of drugs may exert beneficial effects on an 
additional target organ: the kidney.! The purpose of this 
brief review was to consider the salutary effects of calci- 
um antagonist agents on renal hemodynamics and renal 
excretory function. 

A consideration of the earliest observations on the 
renal effects of calcium antagonists may provide insight 
as to why their beneficial effects on the kidney were 
initially overlooked. When calcium antagonists are ad- 
ministered in vivo, diverse effects on renal hemodynamics 
are observed. Experimental conditions, particularly fac- 
tors that either directly or indirectly alter basal renal 
vascular resistance, exert a marked influence on the re- 
nal hemodynamic response to calcium antagonists.!? 
When administered directly into the renal artery of anes- 
thetized animals, calcium antagonists are noted to pro- 
duce renal vasodilation and to augment the glomerular 
filtration rate.?? In conscious animals, however, oral or 
intravenous administration of calcium antagonists has 
been reported to have no significant effect on renal hemo- 
dynamics.$-5 

Several mechanisms account for these divergent ef- 
fects. Because calcium antagonists elicit vasodilation by 
countering the actions of vasoconstrictors, the underlying 
level of renal vasoconstriction constitutes a primary de- 
terminant of the magnitude of the vasodilatory response 
to calcium antagonists. Furthermore, because calcium 
antagonists interfere with excitation-contraction cou- 
pling of vascular smooth muscle by blocking specific cal- 
cium channels, and because the recruitment of dihydro- 
pyridine-sensitive calcium channels may differ with dif- 
ferent agonists, the renal hemodynamic response to 
calcium antagonists may vary depending on the prevail- 
ing factors influencing renal vascular tone.!? 

Collectively, these considerations emphasize the ne- 
cessity for evaluating the effects of calcium antagonists 
under conditions in which the factors influencing renal 
vascular resistance are carefully defined and controlled. 
The isolated perfused rat kidney offers distinct experi- 
mental advantages for such studies.?:!° First, renal perfu- 
sion pressure can be maintained at a constant level, there- 
by eliminating the reflex and autoregulatory responses to 
the hypotensive actions of calcium antagonists that occur 
in vivo. Second, the influence of other extrarenal factors, 
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FIGURE 1. Alterations in perfusate flow (upper panel) and the 
glomerular filtration rate (lower panel) of 8 unmanipulated 
kidneys (solid line) and 7 kidneys treated with 3 x 107 M 
norepinephrine (interrupted line). Results are mean + stan- 
dard error of the mean. Asterisks indicate significant differ 

ences compared with control values (p <0.05). (:eproduced 
with permission from Nephron.!?) 


such as volume status, the level of vasoactive hormones, 
renal neural stimulation and anesthetic agents, can be 
eliminated by using the extracorporeally perfused kidney. 
Therefore, by using this model it is possible to evaluate 
accurately the modulation by calcium antagonists of the 
renal vasoconstriction elicited by different types of vaso- 
constrictor agents. 

In this report, we present a review of our studies char- 
acterizing the effects of calcium antagonists on the vaso- 
constrictor responses of the isolated perfused rat kidney. 
Such studies form a basis for defining the renal hemody- 
namic effects of calcium antagonists. 


METHODS 

In brief, the right kidney of adult Sprague-Dawley 
rats was cannulated and initially perfused in situ by intro- 
ducing the cannula through the superior mesenteric ar- 
tery. The perfused kidney was then excised and placed in 
a recirculating perfusion apparatus, designed to provide 
warmed (379C), oxygenated media at a constant pres- 
sure as previously described in detail.?:!.!? The kidneys 
were perfused with a Krebs-Ringer bicarbonate buffer 
containing 5 mM D-glucose, 10 mM sodium acetate, 8 g/ 
dl albumin (fraction V, Reheiss Chemical), and a com- 
plement of amino acids, as previously described.!! 
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FIGURE 2. Reversal by nifedipine of the decrement in the glo- 
merular filtration rate (GFR) (upper panel) and renal perfu- 
sate flow (RPF) (lower panel) induced by the administration of 
norepinephrine (3 x 10-7 M) to the isolated perfused rat kid- 
ney. Nifedipine (1077 M) returned the GFR to pre-norepineph- 
rine levels. In contrast, nifedipine reversed the norepinephrine- 
induced decrease in RPF to a lesser degree. 


In the experimental procedures, vasoconstrictors (1.e., 
norepinephrine [Sigma] or KCI) were added to the medi- 
um at concentrations that elicited a 50% decrease in 
perfusate flow (e.g., 3 X 1077 and 26 to 30 mM for 
norepinephrine and KCl, respectively). Since norepi- 
nephrine is metabolized by the isolated kidney, sustained 
infusion of this agent (107? mol/min) was required to 
elicit a sustained level of renal vasoconstriction. To avoid 
the 8-adrenergic effects of norepinephrine, this agent was 
added after the kidneys were pretreated with 3 X 1076 M 
propranolol. 

After administration of a vasoconstrictor agent, calci- 
um antagonists were added directly to the perfusion me- 
dium and the renal hemodynamic response was ascer- 
tained. All studies with dihydropyridines were performed 
in sodium lighting to avoid photoinduced degradation. 

To examine directly the activation of the afferent 
arteriole, studies were also conducted with the isolated 
perfused hydronephrotic kidney. As recently detailed, 
the hydronephrotic kidney allows for direct visualization 
of the afferent arteriole. We recently modified this model 
by combining it with the isolated perfusion technique to 
facilitate direct visualization of the afferent arteriole un- 
der specific modes of activation.!?!^ In brief, chronic 
unilateral hydronephrosis is established by ligation of the 
right ureter. After 8 to 10 weeks, the kidney is then 
removed and perfused on the stage of an inverted micro- 
scope equipped with a video camera. The afferent and 
efferent arterioles are visualized during videomicroscopy, 
and renal afferent and efferent arteriolar diameters are 
measured by computer-assisted image analysis. The 
thromboxane A> mimetic U44069 was then added direct- 
ly to the perfusing medium, and the vasoconstrictor re- 


sponse of the afferent arteriole was observed. Nifedipine 
was subsequently added to the perfusate in the continued 
presence of U44069 in an attempt to reverse the afferent 
arteriolar vasoconstriction. 


RESULTS 

The manner in which the isolated perfused kidney 
model has been used to delineate the effects of a calcium 
antagonist on renal hemodynamics, and the ability of a 
dihydropyridine, nifedipine, to reverse the effects of nor- 
epinephrine on the glomerular filtration rate (GFR) are 
shown in Figures 1 and 2. Administration of norepineph- 
rine (3 X 1077 M) caused renal perfusate flow to decrease 
from 37 + 2 to 20 + 4 ml/min/g, and the GFR to 
decrease from 0.8 + 0.1 to 0.2 + 0.1 ml/min/g (Fig. 1). If 
no intervention is performed, these effects of norepineph- 
rine are sustained for the duration of the experiment. 
Nifedipine caused a complete reversal of the norepineph- 
rine-induced decrement in the GFR (Fig. 2, upper panel), 
while only partially reversing the norepinephrine-induced 
decrement in renal perfusate flow (RPF) (Fig. 2, lower 
panel). 

In the representative study (Fig. 2), an isolated per- 
fused rat kidney was first subjected to norepinephrine 
infusion. The catecholamine was added to the artificial 
perfusion media at a concentration of 3 X 1077 M and 
elicited a 50% decrease in RPF and decreased GFR by 
712% (i.e., from 0.50 to 0.14 ml/min). The addition of 
nifedipine produced a striking reversal of the decrement 
in the GFR. Thus, at 1077 M, nifedipine returned the 
GFR to pre-norepinephrine levels. In contrast, however, 
nifedipine reversed the norepinephrine-induced decrease 
in RPF to a lesser degree. Thus, RPF returned to only 
59% of the control value at 1077 M nifedipine. This pref- 
erential augmentation of the GFR with a less significant 
reversal of RPF is characteristic of the response of the 
isolated perfused kidney to various calcium antagonists 
during norepinephrine-induced vasoconstriction. 2. 1.12.15 


DISCUSSION 

The capability of dihydropyridines to preferentially 
augment the GFR more than the RPF during norepi- 
nephrine-induced vasoconstriction in the isolated per- 
fused rat kidney, is a feature that is seen with other 
organic calcium antagonists!2^.12^ but not with all 
types of calcium entry blockers. This formulation is sum- 
marized in Figure 3, which depicts the relative effects on 
the GFR and RPF of nitrendipine, nisoldipine and diltia- 
zem during norepinephrine-induced vasoconstriction of 
isolated perfused rat kidneys. It is readily apparent that 
with each of these organic calcium antagonists, the ef- 
fects on the GFR predominate over the effects of RPF. 
Similar results have been reported with the administra- 
tion of verapamil.!^ In contrast, no preferential effect on 
the GFR is observed when the inorganic calcium antago- 
nist manganese is used to inhibit calcium entry.!2 

As discussed in an earlier study, this predominant 
effect on the GFR in comparison to RPF suggests that 
calcium antagonists may preferentially antagonize the 
effects of agonists—such as norepinephrine—at the level 
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FIGURE 3. Comparison of the relative effects of calcium entry 
blockers on renal perfusate flow (RPF, abscissa) and on the 
glomerular filtration rate (GFR, ordinate) of isolated perfused 
kidneys during norepinephrine infusion. Nitrendipine (open 
circles), nisoldipine (squares) and diltiazem (triangles) prefer- 
entially augment the GFR under these conditions, whereas 
manganese (closed circle) does not. Line represents unity. 
(Reproduced with permission from Am J Physiol.!) 


of the afferent arteriole.'? To assess this possibility di- 
rectly, we have recently modified the postischemic, hy- 
dronephrotic rat kidney model! in order to permit direct 
visualization of the response of the afferent arteriole to 
pharmacologic intervention in an isolated perfused set- 
ting.'’ Figure 4 depicts a photomicrograph of a represen- 
tative study.!^ As illustrated, U44069 elicits an afferent 
arteriolar vasoconstriction in this model (Fig. 4, middle). 
Nifedipine (1.0 uM) completely reversed the actions of 
U44069 at the level of the afferent arteriole (Fig. 4, 
bottom). Similarly, we have observed that both diltiazem 
and nifedipine attenuate angiotensin II-induced afferent 
but not efferent arteriolar vasoconstriction.!8 The affer- 
ent arteriolar response to increased arteriolar pressure is 
also attenuated by these agents.!7:?29 Finally, the postu- 
late that calcium antagonists preferentially dilate the af- 
ferent arteriole has been directly confirmed in vivo.?! 
Although this article has focused primarily on the 
actions of calcium antagonists at the level of the afferent 
arteriole, it should be emphasized that there are other 
possible intrarenal mechanisms in which calcium antago- 
nists might influence the GFR.! As detailed in a recent 
review," it has also been suggested that calcium antago- 
nists may increase the glomerular ultrafiltration coeffi- 
cient, K;.”” An inhibition of mesangial contractility is 
cited as a possible mechanism mediating this response. At 
this time, however, the effects of calcium antagonists on 
mesangial contractility are a subject of continuing con- 
troversy. Studies in our laboratory”? have suggested that 
the contractile response of isolated glomeruli to throm- 
boxane is refractory to calcium antagonists. In contrast, 
others have observed that calcium antagonists partially 
attenuate mesangial contractility induced by angiotensin 
II and vasopressin.?^2^ Voltage-sensitive calcium influx 
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FIGURE 4. Photomicrographs of an isolated perfused hydro- 
nephrotic kidney during the control perfusion (top), and the 
administration of the thromboxane A2-mimetic U44069 (1.0 
uM) (middle), followed by the administration of 1.0 „M nifedi- 
pine (bottom). U44069 caused an afferent arteriolar vasocon- 
striction that was reversed by nifedipine. (Reproduced with 
permission from Am J Nephrol.!^) 
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TABLE I Future Applications of Calcium Antagonists in 
Clinical Medicine 


has been documented in subcultured mesangial cells262; 
however, several investigators have suggested that intra- 
cellular calcium mobilization may be the primary modu- 
lator of mesangial cell contractility.?^?* Additional stud- 
ies are required to delineate the effects of calcium antago- 
nists on mesangial contractility and to ascertain if 
podocyte function may also be modified by these agents. 

Calcium antagonists also stimulate renin release and 
therefore would be expected to increase intrarenal angio- 
tensin II formation.?? Angiotensin II exerts multiple in- 
trarenal actions that may be differentially inhibited by 
calcium antagonists'???: this factor could influence the in 
vivo response to these agents. Finally, calcium antago- 
nists also inhibit tubular sodium reabsorption'??9 and 
thus indirectly affect the GFR by influencing tubular 
glomerular feedback, although such an action would tend 
to decrease GFR. 


FUTURE PERSPECTIVES 

In considering the pharmacologic effects of the calci- 
um antagonists on renal hemodynamics, it is tempting to 
explore potential future applications for calcium antago- 
nists in clinical medicine. Table I summarizes several 
such areas. The beneficial effect of calcium antagonists 
on renal hemodynamics suggests that they may be partic- 
ularly well suited in the management of hypertension. 
Furthermore, in contrast to the antinatriuretic tendency 
that characterizes other traditional vasodilators, the abili- 
ty of some calcium antagonists to be relatively natriuretic 
(or at least not sodium retaining) commend their consid- 
eration in the antihypertensive armamentarium.?! 

Additional future applications of calcium antagonists 
may include using their ability to augment renal perfu- 
sion in clinical settings in which renal hemodynamics are 
compromised. One such example might include the pro- 
tective effect of calcium antagonists in ameliorating ra- 
diocontrast-induced reductions in renal hemodynamics. 
Several lines of evidence have demonstrated that the in- 
trarenal administration of radiocontrast medium results 
in a prolonged vasoconstrictive response and reduction in 
the GFR.!2?? Bakris and Burnett?? demonstrated in dogs 
that calcium antagonism with several different calcium 
antagonists, or chelation of calcium with EGTA, lessens 
the magnitude and duration of radiocontrast-mediated 
renal vasoconstriction. These studies suggest that calcium 
entry constitutes an important mediator in the vasocon- 
strictive phase after administration of radiocontrast me- 
dium. Conceivably, future clinical trials may be consid- 
ered to assess if these agents exert a protective role in 
attenuating or preventing the adverse renal hemodynam- 
ic effects of radiocontrast agents. 

In an analogous manner, it has been proposed that 
calcium antagonists may potentially exert a salutary ef- 
fect in protecting against acute renal failure. Lee et al?? 
studied the effects of the calcium antagonist diltiazem on 
the natural history of glycerol-induced acute renal failure 
in rats. In rats pretreated with diltiazem for 3 days before 
glycerol administration, a less severe renal failure syn- 
drome developed than that in rats not pretreated with the 
calcium antagonist. Treatment decreased the extent of 


tubular cell necrosis and was associated with a more rapid 
histologic and functional recovery. Although data in hu- 
mans are lacking, future clinical trials may be considered 
to assess this possibility. 

Finally, it has been proposed that the prophylactic 
administration of calcium antagonists to donor kidneys 
may serve to ameliorate post-transplantation renal insuf- 
ficiency. Indeed, a recent report confirms such a formula- 
tion. In a recent clinical trial, Wagner et al34 reported 
that pretreatment with diltiazem significantly improved 
postgraft function of cadaver kidneys. Further studies to 
evaluate these possibilities, as well as the long-range con- 
sequences of the renal hemodynamic actions of calcium 
antagonists, are required. Collectively, these observations 
raise the possibility that calcium antagonists may have a 
role in ameliorating the course of acute renal insufficien- 
cy in clinical settings in which patients are at increased 
risk of developing acute renal failure. 
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Nifedipine and Systemic Hypertension 
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Nifedipine reduces blood pressure predominantly 
by reducing systemic vascular resistance due to a 
direct vasodilating action on the arterioles. This pe- 
ripheral vasodilation appears greater the more se- 
vere the hypertension. Studies have demonstrated 
an additive effect of 6 blockers and converting-en- 
zyme inhibitors in patients not controlled with ni- 
fedipine alone. Although there is a controversy 
about whether diuretics have an additive effect on 
blood pressure in patients already taking nifedi- 
pine, it would appear that the blood pressure-low- 
ering effect of thiazide is blunted. Studies have 
shown that a high sodium intake may enhance the 
acute blood pressure-lowering effect of nifedipine. 
Nifedipine does cause a long-term reduction in so- 
dium balance. 
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cium antagonists, verapamil and nifedipine, con- 

trasts to the planned development of angiotensin- 
converting enzyme inhibitors such as captopril. Calcium 
entry antagonists were discovered by chance, and were 
found to dilate both renal and coronary arteries. These 
agents were introduced more than a decade ago without 
clear therapeutic indications. In pioneering studies, 
Fleckenstein! showed that verapamil and nifedipine in- 
hibited calcium-dependent excitation-contraction cou- 
pling of isolated cardiac papillary muscle. Studies in the 
late 1960s and 1970s clearly demonstrated that both 
drugs could reduce blood pressure in the setting of hyper- 
tension, and that the effect of the drug on blood pressure 
was much less pronounced in normotensive subjects. 
Rather than being considered a potential therapeutic in- 
dication for these drugs, the decrease in blood pressure 
was seen by many clinicians as a complication of treat- 
ment for patients with angina.” 


T5 development and introduction of the first cal- 


FUNCTIONAL ABNORMALITY 
OF SMOOTH MUSCLE 

One of the most intriguing aspects of the calcium 
entry antagonists is that they appear, at least in part, to 
lower blood pressure through their effect on the underly- 
ing mechanism that is responsible for the high blood 
pressure: a functional abnormality of the arteriolar 
smooth muscle. Independent studies by Robinson et al? 
and Hulthen et al^ have shown that the infusion of vera- 
pamil into the brachial artery causes a greater increase in 
forearm blood flow in hypertensive patients than that 
seen in normotensive subjects. This difference in response 
to verapamil was more impressive when the investigators 
compared the results with those obtained with the admin- 
istration of nitroprusside. This latter finding makes it 
unlikely that a structural alteration in the arteriole could 
account for the greater response to verapamil. In further 
studies, Robinson? demonstrated a significant correlation 
between the level of blood pressure before infusion of 
verapamil and the enhanced forearm response to verapa- 
mil (Fig. 1). 

However, it is not clear what causes this functional 
abnormality of the smooth muscle cell as blood pressure 
increases. In essential hypertension, there is increasing 
evidence of an abnormality of either calcium transport 
across the cell membrane or binding of calcium to the cell 
membrane.? There is also evidence in platelets that calci- 
um concentration may be increased with increasing blood 
pressure. Whatever abnormality of calcium transport in 
the smooth muscle cell is revealed by the calcium antago- 
nists, however, the clinical use of calcium entry antago- 
nists—like other blood pressure-lowering drugs—ulti- 
mately depends on clinical efficacy and tolerability. 


FIGURE 1. Relation between mean arteri- 
al pressure (MAP) and the responsiveness 
of resistant vessels of the forearm to vera- 
pamil administration in 127 men, includ- 
ing both normal subjects and patients with 
essential hypertension. The excess dilato- 
ry response to verapamil has been normal- 
ized by relating it to the response to sodi- 
um nitroprusside in the same subjects (r — 
0.55) (p «0.001). (Reproduced with per- 
mission from J Hypertens.5) 
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PREDICTING BLOOD PRESSURE 
RESPONSE TO THERAPY 

Clinical studies with nifedipine have demonstrated 
that the more severe the hypertension, the greater the 
decrease in blood pressure, and that there is little decrease 
in blood pressure in normotensive subjects within the dose 
range studied.’ Our own studies in a group of age- 
matched normotensive and hypertensive subjects clearly 
confirmed this relation. Subjects were given a 5-mg cap- 
sule of nifedipine which was swallowed, and blood pres- 
sure was measured 30 minutes before and 2 hours after 
the administration of nifedipine. The results demon- 
strated that there was a greater decrease in blood pressure 


NIFEDIPINE 


Pre-treatment 
supine mean blood pressure (mmHg) 


(log scale) 


o Normotensive (n *18) 
€ Hypertensive (n= 28) 


post treatment 
Nifedipine 
(5 mg CAP) 


Line of identity 
Slope = 1.0 


Nifedipine 
Slope = 0. 81 


P«0. 001 


(log scale!) 


FIGURE 2. Relation between pretreatment mean supine blood 
pressure in 18 normotensive and 28 hypertensive subjects vs 
mean supine blood pressure 2 hours after the administration 
of a single 5-mg capsule of nifedipine. (Note log scale.) The 
slope of the correlation lines for the individual hypertensive 
patients (solid line) and the group of patients as a whole 
(broken line) are significantly less than the slope of the line of 
higher the pretreatment blood pressure. (Reproduced with 
permission from Postgrad Med J.9) 








MAP (mmHg) 


in patients with essential hypertension (from 182 + 5.2/ 
109 + 2.6 mm Hg to 160 + 4.5/96 + 1.9 mm Hg) 
compared with that in normotensive subjects (from 121 
+ 2.3/74 + 1.8 mm Hg to 117 + 1.6/69 + 1.1 mm Hg). 
There was a 10.4% decrease in mean arterial pressure 30 
minutes after nifedipine administration in the hyperten- 
sive group compared with a 4.7% decrease in the normo- 
tensive subjects (p <0.001). 

When blood pressure measurements obtained before 
nifedipine administration were related to the percent de- 
crease in blood pressure after nifedipine, a significant 
correlation was noted at both 30 minutes and 2 hours 
after treatment. Thus, the higher the initial blood pres- 
sure, the greater the decrease in pressure with nifedipine 
administration. Because these correlations may be incor- 
rect since the decrease in blood pressure is, in part, calcu- 
lated from the pretreatment blood pressure, a more statis- 
tically correct method of analyzing the results was used 
(i.e., plotting the pretreatment blood pressure against the 
post-treatment blood pressure and comparing the slope of 
the line obtained against the line of identity), and the 
same finding was observed (Fig. 2). Studies in which 
nifedipine is given over a longer period of time have 
demonstrated a greater blood pressure-lowering effect 
the higher the initial pressure. These findings contrast 
with those observed with the administration of 8 blockers 
and converting-enzyme inhibitors.? 


COMBINATION THERAPY 

Although nifedipine is an effective long-term blood 
pressure-lowering agent, not all patients respond to 
monotherapy. Several studies have now looked at the 
combination of nifedipine with other drugs for controlling 
hypertension. 

Nifedipine and beta blockers: Nifedipine has been 
shown to have an additive effect on blood pressure when 
combined with a 8 blocker. It is possible that the combi- 
nation of a 8 blocker with nifedipine may actually reduce 
the acute vasodilating symptoms of nifedipine capsules. !! 
In patients with more resistant hypertension, nifedipine 
has been shown to have an additive effect when added to 
the combination of 8 blocker and diuretic. In a double- 
blind study, Bayley et al!? clearly demonstrated both a 
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Before Nifedipine Acebutolo! Nifedipine 
treatment 20 mg b.d. 200 mg b.d. 20 ma b.d. 


Acebutolol 
200 mg b.d. 


1 month 
2 hr after Rx 


FIGURE 3. The effect of nifedipine and 
acebutolol alone and in combination. Su- 


Supine pine systolic and diastolic blood pressures 

Blood (BP) are shown for the group of 12 pa- 
tients 2 hours after the last dose. *p 

Pressure «0.05; **p «0.01; ***p «0.001 com- 

nm Hb pared with pretreatment blood pressure. 
(Reproduced with permission from J Hu- 
man Hypertens.1?) 


Significant difference from pre-treatment BP 
* Pc 9,05 F* 36$ 0.01 wekipce091 





short- and long-term additive effect of nifedipine in pa- 
tients with hypertension resistant to diuretics and 6 
Omer cue blockers. In a randomized crossover study, we looked at 
the effect of nifedipine slow-release tablets, 20 mg twice 
PLACEBO daily (Adalat Retard®, Bayer), for 1 month compared 
with 4 weeks of the 8 blocker acebutolol, 200 mg twice 
daily, and then in combination for a further month." 
Comparing both drugs as monotherapy, there was a de- 
crease in blood pressure that was slightly greater with 
Cape nifedipine (148 + 4/94 + 2 mm Hg) than acebutolol 
(157 + 6/101 + 3 mm Hg). However, when both drugs 
were combined, the decrease in blood pressure noted was 
greater than that seen with either drug alone (136 + 4/88 
+ 3 mm Hg) (Fig. 3). 

Nifedipine and diuretics: Because of the vasodilatory 
effect of nifedipine, it had been assumed that the combi- 
nation of nifedipine and a diuretic would be additive, as is 
seen with hydralazine and minoxidil. However, Rosen- 
thal!4 showed that when nifedipine and a thiazide diuretic 
were combined, there was no greater effect on blood 
pressure than with either drug alone. In contrast, a study 
from Sweden showed that nifedipine and bendrofluazide, 
first given alone and then combined at one-half the mono- 
therapy dose, decreased blood pressure more effectively 
as a combination than with either drug alone.!> Because 
FIGURE 4. Changes in mean supine blood pressure 2 hours some of the patients in the study were given the diuretic 
after the last dose of atenolol and nifedipine and after 1 month first, it is difficult to determine from this study whether a 
of placebo and 1 month of 5 mg of bendrofluazide. Individual diuretic would be additive to patients already receiving 
changes for each patient are shown. There was no significant nifedipine, To examine this question further, we studied 


with the blood pressure values with bendrofluazide. the combination of nifedipine and diuretics. In our first 


compared 
(Reproduced with permission from J Hypertens.!") study, patients were treated with nifedipine slow-release 
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ESSENTIAL HYPERTENSION n= 9+SEM 


NIFEDIPINE 
20 mg bd 
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TREATMENT 
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20 mg bd 


CAPTOPRIL 
25 mg tds 
1/12 1/12 
2 hr post 2 hr post 


BLOOD PRESSURE 
mmHg 


us] standing 





PERCENTAGE FALL 


FIGURE 5. Effect on blood pressure of treatment with nifedi- 
pine for 1 month followed by the addition of captopril for 1 

month (*p «0.05; **p «0.005, indicating a significant differ- 
ence compared with treatment with nifedipine alone). SEM = 


tablets, 20 mg twice daily, and then had added bendro- 
fluazide, 5 mg/day, for a further month.!5 By the fourth 
week of treatment with nifedipine alone, average supine 
blood pressure had decreased from 168.5 + 4.2/106.2 + 
1.4 mm Hg to 147.6 + 4.8/89.6 + 2.8 mm Hg. There was 
no further significant decrease in blood pressure noted 
with the addition of the diuretic. In a subsequent study, 
patients receiving either nifedipine tablets or atenolol 
were entered into a double-blind crossover study compar- 
ing the addition of 5 mg of bendrofluazide for 1 month to 
matching placebo for 1 month." In this study, we were 
unable to find any further decrease in blood pressure with 
the addition of the diuretic compared with the placebo 
(Fig. 4), suggesting that the blood pressure-lowering ef- 
fect of a diuretic is blunted in many patients taking nifedi- 
pine. Studies by Bayley et al—where patients whose 
blood pressure was well controlled with the combination 
of nifedipine, 6 blocker and diuretic subsequently had the 
latter agent withdrawn without loss of control of the 
blood pressure—also support this concept. 

Nifedipine and converting-enzyme inhibitors: Nifedi- 
pine is known, at least acutely, to cause an increase in 
renin release and, therefore, in angiotensin II. In patients 
with severe hypertension, the combination of nifedipine 
and captopril was found particularly useful in controlling 
blood pressure. We therefore decided to perform a ran- 
domized study of the effect of nifedipine and captopril 
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FIGURE 6. Changes in mean supine blood pressure before 
(Pre) and 30 minutes after a 5-mg capsule of nifedipine in 10 
patients with essential hypertension on the fifth day of a 
high-, normal- and low-sodium diet. SEM = standard error of 
the mean. 


alone and then in combination in patients with moderate 
essential hypertension who were receiving no other treat- 
ment.'® Blood pressure measurements were taken 2 hours 
after the last dose. Ten patients received captopril, 25 mg 
3 times a day for 4 weeks; mean arterial pressure de- 
creased by 9.5%. Nifedipine retard tablets, 20 mg twice a 
day, were added and patients were studied 4 weeks later; 
mean arterial blood pressure decreased by 17.3%. In a 
separate group of 9 patients treated with the same dose of 
each agent, mean arterial pressure decreased by 13.4% 
with nifedipine treatment alone; when captopril was add- 
ed to the nifedipine therapy for an additional month, 
mean arterial pressure decreased by an additional 22% 
(Fig. 5). 


NIFEDIPINE AND SODIUM BALANCE 

Most blood pressure-lowering agents are potentiated 
by a reduction in salt intake. In view of our previous 
finding that diuretics did not appear to have additive 
effects when combined with nifedipine therapy, the effect 
of nifedipine in patients with differing salt intakes was 
examined.? Ten patients with essential hypertension 
were studied while receiving a normal sodium intake of 
approximately 150 mmols/day, on the fifth day of a high 
sodium intake of approximately 350 mmols/day, and on 
the fifth day of a low sodium intake of 10 mmols/day. On 
the fifth day of each sodium intake, blood pressure was 
measured before and 30 minutes after oral administra- 
tion of a 5-mg capsule of nifedipine. Nifedipine caused a 
significant reduction in blood pressure with the 3 diets. 
However, with the high-salt diet both the absolute and 
percent decrease in blood pressure was greater than with 
the low- or normal-sodium diet (p <0.05) (Fig. 6). These 
results show that in contrast to other antihypertensive 
agents, the acute blood pressure-lowering effect of nifedi- 
pine is not blunted by a high salt intake and, in fact, its 
action may possibly be enhanced. 

Several previous studies have demonstrated that ni- 
fedipine acutely causes an increase in sodium and water 
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excretion, but most investigators assumed that there was 
no long-term effect on sodium balance.?? To examine this 
further, 8 patients who had been receiving chronic nifedi- 
pine therapy for at least 6 weeks (range 6 to 234) were 
studied.?! Each patient while taking nifedipine was given 
a constant dietary intake of sodium (150 mmols) and 
potassium (80 mmols). After 11 days on this controlled 
diet, the nifedipine was withdrawn and replaced with a 
matching placebo in a single-blind fashion for 7 days. 
Mean 24-hour urinary sodium excretion during the con- 
trol phase was 138 + 5 mmols (+ standard error of the 
mean) and decreased significantly to 75 + 9 mmols (p 
<0.01) on the first day of nifedipine withdrawal, and to 
106 + 11 mmols (p <0.05) on the second day. The mean 
cumulative positive sodium balance for the 7 nifedipine- 
free days was 146 + 26 mmols. This retention of sodium 
upon cessation of nifedipine therapy demonstrates that 
nifedipine has a long-term effect on sodium balance. This 
may play an important additive role in its blood pressure- 
lowering effect and contrasts with other peripheral vaso- 
dilators—such as minoxidil and hydralazine—in which 
there is sodium retention that, in the long term, may 
offset the decrease in blood pressure caused by the vasodi- 
lator. 
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Nifedipine, but not Propranolol, Improves Left 
Ventricular Systolic and Diastolic Function in 
Patients with Hypertension 


Randall M. Zusman, MD, Donna M. Christensen, MSN, Elizabeth B. Federman, RN, 
Terrence D. Ruddy, MD, D. Douglas Miller, MD, and Charles A. Boucher, MD 


The effects of nifedipine and propranolol on cardiac 


function both at rest and at peak exercise were 
compared in 22 hypertensive patients whose dia- 
stolic blood pressures remained in excess of 95 mm 
Hg despite diuretic therapy. In this double-blind, 
placebo-controlled study, left ventricular systolic 
and diastolic function at rest and at peak exercise 
during bicycle ergometry was assessed by first- 
pass radionuclide angiography using the Baird 
Scinticor before and after treatment with either ni- 
fedipine or propranolol. Both agents effectively re- 
duced blood pressure in the supine and upright po- 
sitions and at peak exercise. Nifedipine was associ- 
ated with a significant increase in cardiac output 
and stroke volume at rest and at peak exercise, 
while propranolol decreased cardiac output at rest 
and at peak exercise. Systemic vascular resistance 
decreased with nifedipine treatment at rest and at 
peak exercise, but increased significantly with pro- 
pranolol. Nifedipine increased ejection fraction in 
patients at rest and also increased maximal oxygen 
consumption at peak exercise, while propranolol 
decreased maximal oxygen consumption at peak 
exercise. At rest and at peak exercise, nifedipine 
increased peak filling rate, but time to peak filling 
rate was not affected by either drug. The fraction 
of total diastolic filling at the midpoint of diastole 
was significantly increased by nifedipine therapy at 
rest but was not affected by propranolol therapy. 
Nifedipine significantly decreased atrial filling vol- 
ume while propranolol had no effect. Propranolol 
therapy did not result in any improvement in left 
ventricular function. In contrast, nifedipine im- 
proved left ventricular systolic and diastolic func- 
tion at rest and peak exercise. Future selection of 
an antihypertensive agent should include consider- 
ation of the impact of therapy on left ventricular 
function. 

(Am J Cardiol 1989;64:51F-61F) 
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ypertension has been recognized for many years 
H* one of the most significant risk factors for the 

development of atherosclerosis, particularly cor- 
onary artery disease, cerebrovascular disease and renal 
artery stenosis. For nearly 2 decades, the recognized 
benefits of antihypertensive therapy, especially in those 
patients with marked elevations in blood pressure, have 
led to the successful treatment of patients throughout the 
world. In the late 1960s and early 1970s, the selection of 
initial antihypertensive therapy for patients with hyper- 
tension was limited by the meager number of agents 
available and the limited mechanisms of action of those 
drugs. As additional safe and effective antihypertensive 
agents were developed, the so-called “stepped-care” ap- 
proach to antihypertensive therapy arose. This approach 
to treatment is based on the use of agents with different 
mechanisms of action, used in combination to produce 
additive, and possibly synergistic, antihypertensive ef- 
fects. 

Because of their high degree of efficacy, 6-adrenergic 
blocking drugs and thiazide diuretics assumed a position 
of dominance as initial treatment of patients with mild to 
moderate hypertension. Indeed, these agents were offi- 
cially sanctioned as the initial drugs of choice for the 
treatment of most newly diagnosed hypertensive pa- 
tients! When single-drug therapy was inadequate for 
reducing diastolic blood pressure below 90 mm Hg, these 
2 agents were often used in combination for more effec- 
tive blood pressure control. One of the great achieve- 
ments of the stepped-care approach to the treatment of 
hypertension was that it provided a rational algorithm by 
which hypertensive patients could be treated effectively. 
However, many of the large-scale clinical trials designed 
to document the benefits of antihypertensive therapy in 
patients with mild to moderate hypertension did not indi- 
cate a dramatic improvement in morbidity or mortality 
rates in patients with minimally elevated blood pressure. 
The development of newer antihypertensive drugs with 
fewer adverse effects has led to a challenge of the merits 
of the use of diuretics and 8-adrenergic receptor blocking 
drugs as initial therapy for the treatment of patients with 
mild to moderate hypertension.? The 1988 Joint National 
Committee report, in fact, has acknowledged the poten- 
tial value of calcium channel blockers and angiotensin- 
converting enzyme inhibitors as initial choices for the 
treatment of hypertensive patients.? Still, the traditional 
criterion for assessing the efficacy of an antihypertensive 
drug remains its ability to reduce blood pressure without 
producing significant toxicity or intolerable side effects. 
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TABLE! Exclusion Criteria 


Patients with secondary forms of hypertension 

Patients requiring treatment with other antihypertensive agents, or 
agents known to cause vasodilation (i.e., tricyclic antidepressants, 
antiarrhythmic agents, monoamine oxidase inhabitors) 

Patients with cardiac decompensation, serious tachyarrhythmias, 
bradycardia, conduction system disease greater than first-degree 
heart block, renal disease with a serum creatinine greater than 2.0 
mg %, or significant hepatic dysfunction 

Patients with diastolic blood presure greater than 115 mm Hg while 
taking diuretics 

Patients exhibiting significant orthostatic hypotension due to 
autonomic dysfunction 

Patients having had a myocardial infarction or cerebrovascular 
accident within 6 months 

Patients with previously demonstrated sensitivity to nifedipine or 
propranolol, conditions such as asthma or chronic obstructive 

pulmonary disease, or other contraindications for these medications 

























To date, little attention has been paid to the effect of 
antihypertensive therapy on cardiac performance in pa- 
tients with hypertension. However, the principal conse- 
quence of elevated blood pressure is an increased inci- 
dence of coronary artery disease, which is manifested by 
angina pectoris, myocardial infarction and congestive 
heart failure secondary to left ventricular systolic dys- 
function. 

Even mild elevations in blood pressure may be associ- 
ated with significant abnormalities of left ventricular per- 
formance during both the systolic and diastolic portions 
of the cardiac cycle. These latter changes in diastolic 
(lusitropic) function of the myocardium precede the de- 
velopment of abnormalities of cardiac contraction and 
have led to the suggestion that hypertension is associated 
with a cardiomyopathic picture resembling hypertrophic 
cardiomyopathy, and the changes in left ventricular func- 
tion that are associated with myocardial ischemia.*? 
However, the effects of antihypertensive therapy on left 
ventricular function in patients with mild to moderate 
hypertension is a topic that has been accorded little or no 
attention in the selection of antihypertensive therapy or in 
the assessment of the efficacy of this therapy. In particu- 
lar, little attention has been paid to the effects of therapy 
on left ventricular performance during peak physical ex- 
ercise. 

The purpose of this investigation was to assess the 
effects of nifedipine, a vasodilating agent acting through 
calcium channel blockade, and those of propranolol, a 
nonselective 6-adrenergic receptor-blocking drug, on 
cardiac function both at rest and at peak exercise in 
patients whose diastolic blood pressure remained in ex- 
cess of 95 mm Hg despite diuretic therapy. This patient 
population represents a large group of hypertensive sub- 
jects requiring 2-drug therapy for adequate blood pres- 
sure control. 


METHODS 

Patient selection: Adult men and women ranging in 
age from 21 to 70 years were eligible for participation in 
this clinical trial. Women with childbearing potential 
were excluded from participation in the study. Diastolic 
blood pressure measurements in the supine position 
ranged from 95 to 115 mm Hg while the patient was 
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receiving diuretic therapy only. Patients were given a 
stable dose of a diuretic for a minimum of 6 weeks before 
they were entered in the trial; the entry blood pressure 
measurement represented the average supine diastolic 
blood pressure measured at the end of the fourth and 
sixth weeks of diuretic administration. Exclusion criteria 
for the trial are listed in Table I. 

Clinical protocol: The clinical trial was divided into 4 
phases. All patients were placed on a stable diuretic dose, 
and their blood pressures were measured in the supine 
position before they advanced to the placebo treatment 
period. All patients had a diastolic blood pressure ranging 
from 95 to 115 mm Hg. The qualifying diastolic blood 
pressure was defined as the average supine diastolic read- 
ing of 2 measurements taken at both the fourth and sixth 
weeks of diuretic monotherapy. Supine blood pressures 
were measured after the patients had been in the supine 
position for 5 minutes, and were repeated after a 2-min- 
ute interval. Standing blood pressures and heart rates 
were measured after the patients were fully standing for 3 
minutes and were repeated 2 minutes later. A third blood 
pressure reading was obtained in the supine position if the 
diastolic values of the first 2 measurements differed by 
more than 10 mm Hg. The patients who advanced to the 
placebo phase of the trial received placebo medications 
identical in appearance to the subsequently used propran- 
olol and nifedipine tablets. All patients were instructed to 
take their medication every 12 hours throughout the clini- 
cal trial. The patients were instructed to maintain stable 
dietary habits throughout the clinical trial and to avoid 
adding salt to their food. 

Patients advanced to the titration phase of the study if 
their diastolic blood pressures were between 95 and 115 
mm Hg at the second and fourth weeks of the placebo 
treatment period. Patients qualifying for advancement at 
the end of the placebo treatment period were randomized 
in a blinded fashion to either propranolol or nifedipine 
therapy. Before beginning active therapy, each patient 
underwent rest and exercise first-pass radionuclide ven- 
triculography at the end of the placebo treatment period. 
The patients initially received either 40 mg of propranolol 
or 20 mg of nifedipine in a slow-release formulation 
(Adalat Retard, Bayer) every 12 hours. The therapeutic 
regimen was increased by doubling the dose each week 
until diastolic blood pressure decreased below 90 mm Hg. 
The maximal propranolol dose was 160 mg twice daily, 
and the maximal nifedipine dose was 80 mg twice daily. 
The patients continued therapy with a constant dose of 
propranolol or nifedipine for a minimum of 1 month 
before a second first-pass radionuclide cineangiogram 
was recorded (Fig. 1). 

The protocol was approved by the Subcommittee on 
Human Studies of the Committee on Research at the 
Massachusetts General Hospital. Each participant gave 
written consent for participation before entering the trial. 


EXPERIMENTAL PROCEDURES 

Exercise protocol: The exercise protocol, including 
pulmonary gas-exchange data collection and first-pass 
left ventriculography, has been described previously.’ 


All subjects were in the fasting state. An 18-gauge, 2-inch 
intravenous cannula was placed in an antecubital vein for 
administration of the isotope. A first-pass radionuclide 
left ventriculogram was recorded with the subject at rest, 
sitting upright on an electronically braked bicycle ergom- 
eter (Pedal-Mode Ergometer, Warren E. Collins Inc., 
Braintree, Massachusetts). The subjects then performed 
bicycle exercise using a ramp protocol with a continuous- 
ly increasing work load (25 W /min). Heart rate, blood 
pressure and cardiac function (on 12-lead electrocardiog- 
raphy) were continuously monitored. Throughout exer- 
cise, the subjects exhaled through a low-resistance 1-way 
valve connected to 5 feet of respiratory tubing, a pneumo- 
tachometer and a mixing chamber. Mixed expired gas 
was continuously sampled, dried and analyzed for oxygen 
and carbon dioxide. The pulmonary data were analyzed 
by an on-line computer, and the ventilatory equivalent for 
oxygen was calculated at 15-second intervals. The anaer- 
obic threshold was determined by gas-exchange criteria 
as the point of nonlinear increase in the ventilatory equiv- 
alent for oxygen. A second radionuclide left ventriculo- 
gram was obtained during peak exercise. 

Radionuclide data acquisition: First-pass radionu- 
clide left ventriculography was performed in the anterior 
projection with a multicrystal camera (System 77, Baird 
Corp., Bedford, Massachusetts) with the subject upright, 
as previously described.’-!° A bolus dose of technetium- 
99m (10 mCi at rest and 15 mCi during exercise) was 
injected and flushed with 20 ml of saline solution at the 
same time as image acquisition was initiated at 40 
frames/s (frame interval of 25 ms) for 50 seconds at rest 
and for 25 seconds during exercise. 

Radionuclide data analysis: Time-activity curves and 
end-diastolic volumes were determined using the soft- 
ware of the System 77, as previously described.^.!!-!3 A 
region of interest was manually placed over the left ven- 
tricle, and a time-activity curve was generated. The re- 
gion of interest was fixed throughout the cardiac cycle. 
The end-diastolic and end-systolic frames were identified 
as the peaks and valleys of these curves. Only cycles with 
70% or more of the maximal end-diastolic activity in the 
end-diastolic frame were included as left ventricular 
beats. Background correction was made within the left 
ventricular region of interest for each cycle before form- 
ing the representative cycle. An inflection point, selected 
from the time-activity curve, reflected counts in the im- 
age just before the arrival of the bolus. Background was 
determined by extrapolation of the washout of activity 
from each pixel in the frames before the inflection point, 
and thus varied spatially and temporally for each cycle. 
The background-subtracted left ventricular beats were 
summed to generate a representative cardiac cycle. Ejec- 
tion fraction was defined as the end-diastolic minus end- 
systolic counts divided by end-diastolic counts in the rep- 
resentative cycle. In addition, the end-diastolic outline 
was analyzed for end-diastolic volume using a single- 
plane area-length method. Ejection fraction and end-dia- 
stolic volume were used to derive stroke and end-systolic 
volumes; geometric assumptions were thus avoided about 
the end-systolic shape of the left ventricle. 





Diuretics + 
Propranolol 
(40-160 mg b.i.d.) 


Diuretics 
(N= 22) DBP>95 mm Hg 
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Nifedipine 
(20 - 80 mg b.i.d.) 


FIGURE 1. Study design. After diuretic therapy for a mini- 
mum of 10 weeks, patients were randomized to either pro- 
pranolol or nifedipine treatment. First-pass radionuclide angi- 
ography (FPRA) was performed before randomization and a 
minimum of 1 month after diastolic blood pressure (DBP) de- 
creased below 90 mm Hg. 


No. of patients 
Sex (male/female) 
Age (yr) 
Diuretics 
Thiazide 
Metolazone 
Furosemide 
Potassium-sparing agents 
Amiloride 
Triamterene 
Potassium supplements 
Daily dose (mg) 





The diastolic time interval was measured from end 
systole to end diastole. The percentage of stroke volume 
filled at 5096 of the diastolic time interval was determined 
from the time-activity curve. Atrial filling volume was 
determined as the percentage of stroke volume, as previ- 
ously described.!^ To determine the onset of atrial systole, 
the total duration of the PR interval (onset of P wave to 
onset of QRS) was measured to the nearest 10 ms from 
an electrocardiogram recorded at the time of the radionu- 
clide acquisition. To correct for atrial electromechanical 
delay, 40 ms were subtracted from the measured PR 
interval. This corrected PR interval was subtracted from 
the cardiac cycle length, giving the time of onset of me- 
chanical atrial systole. The relative atrial filling volume 
was then determined from the time-activity curve and 
was expressed as a percentage of stroke volume. Linear 
interpolation was used if the time of 50% of diastole or if 
the onset of atrial filling occurred between 2 points on the 
time-activity curve. 

A derivative curve was calculated by applying a wrap- 
around digital filter with coefficients (—0.2, —0.1, 0, 0.1, 
0.2) to the time-activity curve, as previously described.!5 
The peak ejection rate was defined as the maximal nega- 
tive deflection of the derivative curve. Time to peak ejec- 
tion rate was measured from end diastole. The maximal 
value of the first positive deflection was designated the 
peak filling rate. Time to peak filling rate was measured 
from end systole. Ejection and filling rates were expressed 
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FIGURE 2. Effects of propranolol and nifedipine on blood 


and heart rate in patients in the sitting (S) and upright (U) po- 


pressure 
sitions at rest and during peak upright bicycle exercise (Peak Ex.). *p <0.05, **p «0.01, ***p «0.001 vs diuretics; tp «0.05, 


ttt p <0.001 vs diuretics plus propranolol. 


in end-diastolic volumes per second (dividing the deriva- 
tive value in counts per second by end-diastolic counts), 
stroke volumes per second (dividing the derivative value 
in counts per second by stroke volume counts) and in 
milliliters per second (multiplying the value in end-dia- 
stolic volumes per second by end-diastolic volumes). 

Statistical analysis: All values are expressed as mean 
+ standard error of the mean. Analysis of variance was 
performed to assess the significance of the within-group 
and between-group differences at both rest and peak ex- 
ercise. 


RESULTS 

Patient demographic characteristics for the trial are 
listed in Table II. Twenty-two patients completed the 
clinical trial. Most of the patients were men; the average 
age of the patients was 51 years. Nineteen of 22 patients 
received either hydrochlorothiazide or chlorothiazide, 2 
patients received metolazone and 1 patient received furo- 
semide. Most patients required potassium-sparing agents 
(amiloride, 6 patients; triamterene, 5 patients) or oral 
potassium supplementation (4 patients) to maintain a 
normal serum potassium concentration. The mean daily 
dose of nifedipine required for blood pressure control was 
98 + 15 mg (range 40 to 160 mg/day), and the mean 
effective dose of propranolol was 189 + 25 mg (range, 80 
to 320 mg/day). There were no significant differences in 
the demographic characteristics of the patients receiving 
propranolol or nifedipine. 
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Blood pressure: The effects of nifedipine and pro- 
pranolol on blood pressure and heart rate are shown in 
Figure 2. The mean blood pressure in the sitting position 
during diuretic treatment plus placebo was 148 + 3/99 + 
1 mm Hg (n = 22). Blood pressure decreased during 
propranolol therapy to 130 + 3/86 + 2 mm Hg (p <0.01 
compared with diuretic treatment only) and during nifed- 
ipine therapy to 131 + 3/84 + 1 mm Hg (p «0.01, 
compared with diuretic treatment only; difference not 
significant, nifedipine vs propranolol). No significant dif- 
ference was noted in the antihypertensive effect of nifedi- 
pine compared with the effect of propranolol when the 
patients were in the sitting position. Similarly, the blood 
pressure-lowering effects of propranolol and nifedipine 
were statistically significant compared to the blood pres- 
sure while on diuretic therapy only with the patients in 
the upright position but did not statistically differ from 
one another. 

During upright bicycle exercise, peak blood pressure 
in patients receiving diuretic therapy and placebo was 
192 + 4/100 + 2 mm Hg. During propranolol therapy, 
both systolic and diastolic blood pressures were reduced 
to 165 + 7 and 86 + 3 mm Hg, respectively (p <0.05). 
During nifedipine therapy, peak systolic blood pressure 
was 184 + 10 mm Hg. This value was unchanged when 
compared with treatment with diuretic plus placebo only, 
and was significantly higher (p <0.05) than that during 
propranolol therapy. Peak diastolic blood pressure during 
nifedipine therapy was 88 + 5 mm Hg; this value was 
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FIGURE 3. Effects of propranolol and nifedipine ne on cardiac output (CO) and left ventricular ejection fraction (EF) at rest (R) and 
at peak upright bicycle exercise (Peak Ex.). *p «0.05, **p «0.01 vs diuretics; tp «0.05, tttp <0.001 vs diuretics plus propran- 
olol. 
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FIGURE 4. Effects of propranolol and nifedipine on systemic vascular resistance (SVR) and oxygen uptake (VO2) at rest (R) and 
at peak upright bicycle exercise (Peak Ex.). *p <0.05, **p <0.01 vs diuretics; tp <0.05, tttp <0.001 vs diuretics plus propran- 
olol. 
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FIGURE 5. Effects of propranolol and nifedipine on peak ejection rate (PER) and time to peak ejection rate (TPER) at rest (R) 
and at peak upright bicycle exercise (Peak Ex.). *p <0.05, **p «0.01 vs diuretics; tp «0.05, ttp <0.01, ttfp <0.001 vs diu- 


retics plus propranolol. 


significantly lower than that during diuretic therapy (p 
<0.01), but not significantly different from diastolic 
blood pressure during propranolol therapy. 

Mean heart rate of patients receiving diuretic treat- 
ment plus placebo only was 76 + 3 beats/min in the 
sitting position, 86 + 3 beats/min in the upright position 
and 144 + 3 beats/min at peak exercise. During propran- 
olol therapy, heart rate was significantly decreased 
(p <0.001) to 59 + 2, 644+ 2 and 107 + 4 beats/min in 
the 3 positions, respectively. The heart rates of patients 


taking nifedipine therapy were not statistically different 
from those in patients taking diuretic plus placebo thera- 
py, but were significantly different than those in patients 
receiving propranolol (p <0.001). 

Left ventricular systolic function: The effects of treat- 
ment with nifedipine and propranolol on left ventricular 
systolic function are shown in Figures 3 through 5, and in 
Table III. Treatment with nifedipine was associated with 
a significant increase in cardiac output, from 5.9 + 0.6 to 
7.0 + 0.7 liters/min at rest and from 14.2 + 1.3 to 15.6+ 


TABLE Ill Effects of Propranolol and Nifedipine on Left Ventricular Systolic Function 
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(n = 22) 
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Diuretics + 
Nifedipine 
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VO» (ml/kg/min) 
PER/SV (s^!) 
PER/EDV (s^!) 
PER (ml/s) 

TPER (ms) 


1334 7 
55 + 4 
78+5 
59 4:2 

6.3 + 0.4 
1,450 + 90 
3.8 + 0.2 
—5.0 € 0.2 
—29 0.1 
—389 + 26 

21548 


132 3:9 
907 3:7 
75+4 
58 +3 
4.6 +0.3** 
1,710 + 180** 
3.1+0.2* 
—4.7 + 0.3* 
«2,7 3:0.1* 
350 + 26 
230 + 8* 


163 + 12* 


—2.8 + 0.:2** 
—457 + 39 
173 + 11* 


* p «0.05, and ** p «0.01 vs diuretics; ! p «0.05, tt p <0.01, and ttt p «0.001 vs diuretics + propranolol. —— PA - 
CO = cardiac output; EDV = end-diastolic volume; EF = ejection fraction; ESV = end-systolic volume; EX = exercise; PER = peak ejection rate; SV = stroke volume; SVR = systemic 
vascular resistance; TPER = time to peak ejection rate; VO2 = oxygen uptake. 
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1.6 liters/min at peak exercise (p <0.01). Systemic vas- 
cular resistance decreased both at rest and at peak exer- 
cise; increased cardiac output was secondary to an in- 
crease in stroke volume both at rest and at peak exercise. 
Heart rate remained unchanged when compared with 
heart rate in patients administered diuretic therapy only. 
End-diastolic volume was unchanged in the rest and exer- 
cise conditions when compared with diuretic therapy 
alone; ejection fraction of patients receiving nifedipine 
increased at rest when compared with values obtained in 
patients receiving diuretic therapy only. Maximal oxygen 
consumption increased during peak exercise in patients 
receiving nifedipine compared with those receiving diu- 
retic therapy alone. 

In contrast, cardiac output decreased from 6.6 + 0.6 
to 4.6 + 0.3 liters/min at rest (p «0.01 compared with 
diuretics), and from 12.8 + 1.7 to 11.2 4 1.1 liters/min at 
peak exercise in patients receiving propranolol compared 
with that in patients receiving diuretic therapy plus place- 
bo. Values obtained during propranolol therapy were sig- 
nificantly decreased when compared with those of pa- 
tients receiving diuretic therapy alone; they were also 
markedly decreased when compared with values of pa- 
tients receiving nifedipine therapy. Although blood pres- 
sure was reduced in patients receiving propranolol, sys- 
temic vascular resistance increased significantly, from 
1,348 + 108 to 1,706 + 179 dynes s cm? (p «0.01 
compared with diuretics) when these patients were at 
rest. In addition, systemic vascular resistance at peak 
exercise in patients receiving propranolol was significant- 


R Peak Ex. 
Diuretics 


*P<0.05 | tP<0.05 


**P<0.01 


Diuretics + Propranolol 


ly higher (p <0.05) than systemic vascular resistance in 
patients receiving nifedipine therapy. In contrast to the 
increase in maximal oxygen consumption observed in pa- 
tients receiving nifedipine, maximal oxygen consumption 
decreased during peak exercise in patients receiving pro- 
pranolol. The decrease in cardiac output in patients re- 
ceiving propranolol was secondary to the decrease in 
heart rate, both at rest and during peak exercise; stroke 
volume did not change significantly when compared with 
that of patients receiving diuretic therapy only. 

Peak ejection rate increased significantly both at rest 
(p <0.05) and during peak exercise (p <0.01) in patients 
receiving nifedipine. These increases were not affected by 
normalization of the peak ejection rate for changes in 
stroke or end-diastolic volume. In contrast, absolute peak 
ejection rate was not affected by treatment with propran- 
olol despite the reduction in blood pressure; when normal- 
ized for stroke volume or end-diastolic volume, absolute 
peak ejection rate decreased significantly (p <0.05). The 
peak ejection rates observed during propranolol therapy 
were markedly lower (p <0.01) than those seen in pa- 
tients receiving nifedipine therapy. 

Left ventricular diastolic function: The effects of ni- 
fedipine and propranolol therapy are shown in Figures 6 
and 7 and in Table IV. Nifedipine therapy was associated 
with a significant increase (p <0.01) in peak filling rate 
both at rest and during peak exercise. The increase in 
peak filling rate was not affected by normalization of this 
parameter for stroke volume or end-diastolic volume. 
Time to peak filling rate was not significantly affected by 


R Peak Ex. 
Diuretics + Nifedipine 


vs. diuretics ttp-0 e vs. diuretics + propranolol 





FIGURE 6. Effects of propranolol and nifedipine on peak filling rate (PFR) and time to peak filling rate (TPFR) at rest (R). at 


peak upright bicycle exercise (Peak Ex.). *p <0.05, **p <0.01 vs diuretics; tp <0.05, ttp <0.01 vs diuretics plus 
ye ; 
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*P —0.05 
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Diuretics + Propranolol 


E diuretics — 1P--0.05 vs. diuretics + propranolol 





Peak Ex. 
Diuretics 








Diuretics + Nifedipine 


FIGURE 7. Effects of propranolol and nifedipine on the fraction of total diastolic filling at the midpoint of diastole (DF 59) and the 
atrial filling volume (AFV) at rest (R) and during peak upright bicycle exercise (Peak Ex.). *p <0.05, **p «0.01, ***p <0.001 


vs diuretics; tp <0.05 vs diuretics plus propranolol. 


nifedipine therapy. Propranolol therapy had no effect on 
absolute peak filling rate or peak filling normalized for 
stroke volume or end-diastolic volume; time to peak fill- 
ing rate was also not affected by propranolol therapy. 
The fraction of total diastolic filling at the midpoint of 
diastole (DF so) was significantly increased (p <0.01) by 
nifedipine therapy at rest but was not affected by pro- 
pranolol therapy, although the latter agent did increase 
the DF so (p <0.05) at peak exercise. Atrial filling volume 
was significantly decreased by nifedipine therapy when 
compared both with treatment with diuretic therapy only 
(p <0.01)and with treatment with propranolol (p <0.05). 
Propranolol therapy had no effect on atrial filling volume. 


Safety: Overall, therapy with either agent was well 
tolerated. The most common side effects reported by 
patients in both treatment groups were fatigue and head- 
ache. Edema was the only side effect that occurred more 
frequently in patients treated with nifedipine. However, 
no patient discontinued therapy as a result of the develop- 
ment of peripheral edema. No clinically significant 
changes in laboratory values were observed with either 
agent. 


DISCUSSION 
Except for patients with severe, untreated and long- 
standing hypertension, the cardiac output of subjects with 


TABLE IV Effects of Propranolol and Nifedipine on Left Ventricular Diastolic Function 


Diuretics 
(n = 22) 


Peak Ex 


79 0.44 

4.8 + 0.2 
730 53 
113416 
0.38 + 0.01 
0.72 + 0.16 


4.2 1 0.3 

2.4 + 0.1 
327 + 26 
22149 
0.46 + 0.03 
0.30 + 0.02 


PFR/SV (s^!) 
PFR/EDV (s^!) 
PFR (ml/s) 
TPFR (ms) 
DFso 

AFV 


4.3+0.5 

2.4+0.1 
321 X 35 
21917 
0.45 + 0.05 
0.29 + 0.02 


Diuretics + 
Nifedipine 
(n= 11) 


Diuretics + 
Propranolol 
(n= 11) 


Peak Ex Peak Ex 


8.6 + 0.7 

5.5 +0.4**tt 
896 + 94**1 
109 + 7 
0.39 + 0.02 
0.67 + 0.04 


4.6 + 0.3* 
2.8 X 0.2*1t 
386 + 39**tt 

203 + 13* 
0.54 + 0.03**t 
0.30 + 0.02**t 


7.3 X 0.7 

4.6 1 0.3 
739 + 60 
109 1 5 
0.43 + 0.02* 
0.77 + 0.02 


$ paan and ** p <0.01 vs diuretics; t p <0.05, tt p <0.01, and ttt p <0.001 vs diuretics + propranolol. 
AFV = atrial filling rate; DF59 = midpoint of diastole; EDV = end-diastolic volume; Ex = exercise; PFR = peak filling rate; TPFR = time to peak filling rate; SV = stroke volume. 
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hypertension remains within the normal range both at 
rest and during physical exercise. A consideration of the 
potential mechanisms (based on the pressure-volume re- 
lations of the ventricular cavity) by which cardiac output 
is maintained in patients with hypertension indicates that 
changes in ventricular function must accompany the car- 
diovascular adaptation to an elevated systemic vascular 
resistance. In the absence of a change in ventricular vol- 
ume, an increase in both systemic vascular resistance and 
diastolic blood pressure would result in premature closure 
of the aortic valve and in early termination of the ejection 
phase of ventricular function, as well as in a decrease in 
left ventricular stroke volume. In the absence of a com- 
pensatory increase in heart rate, this change in left ven- 
tricular stroke volume would decrease cardiac output. 
However, patients with mild to moderate hypertension 
have a normal heart rate and stroke volume and thus a 
normal cardiac output. Therefore, the maintenance of 
cardiac output in patients with increased systemic vascu- 
lar resistance depends on a slight but significant increase 
in end-diastolic volume, which permits the stroke volume 
to be maintained.!3 

An increase in end-diastolic volume can produce a 
slight increase in left ventricular end-diastolic pressure, 
which reflects the changes in ventricular compliance of 
the ventricle as its end-diastolic dimensions increase.!3 In 
most patients with hypertension, however, the increase in 
end-diastolic volume is of insufficient magnitude to pro- 
duce a clinically significant change in end-diastolic pres- 
sure. The pressures of the ventricular cavity thus remain 
within normal limits, and the patient does not experience 
symptoms of pulmonary congestion due to elevated left 
ventricular end-diastolic and left atrial pressures. 

The extent to which this dilation of the ventricle can 
compensate for the effects of an increase in systemic 
ventricular resistance is limited by the dilatory reserve of 
the ventricular myocardium. As the limits of ventricular 
dilation are reached, left ventricular end-diastolic and left 
atrial pressures increase dramatically, and patients expe- 
rience dyspnea on exertion, a clinical syndrome of conges- 
tive heart failure despite normal left ventricular systolic 
function.!ó The increase in end-diastolic volume and the 
changes in ventricular compliance that accompany this 
increased end-diastolic dimension may contribute to the 
abnormalities of diastolic filling that characterize pa- 
tients with mild to moderate hypertension. 

Previous reports have documented abnormalities in 
early (passive) diastolic ventricular filling as demon- 
strated by the increase in time to peak filling rate and the 
decrease in absolute peak filling rate in patients with 
hypertension.!?-!? Similarly, the passive phase of ventric- 
ular filling—as measured by the filling fraction occurring 
during the first 50% of the diastolic time interval—is 
decreased with a compensatory increase in the depen- 
dence on diastolic filling during atrial contraction.2° The 
atrial filling volume may increase as the passive phase of 
diastolic filling is diminished by the hypertensive process. 
In this regard, the abnormalities of diastolic function in 
patients with hypertension resemble the abnormalities 
demonstrated in patients with hypertrophic cardiomyop- 
athy,?! or in patients with atherosclerotic coronary artery 


disease and myocardial ischemia.”? The development of 
compensatory left ventricular hypertrophy in patients 
with hypertension is often associated with abnormalities 
of left ventricular diastolic performance, although an in- 
crease in left ventricular mass index is not necessary for 
changes to occur in parameters of left ventricular diastol- 
ic flow.” 

Cytoplasmic calcium concentration plays an impor- 
tant role in the regulation of both systolic and diastolic 
ventricular function.?^ Translocation of calcium from the 
extracellular to the intracellular environment leads to 
conformational changes in the relation between actin, 
myosin and tropomyosin that cause cardiac contraction 
and ventricular ejection. Determinants of left ventricular 
systolic performance include considerations of the ven- 
tricular afterload as well as the inotropic state of the 
myocardium. Similarly, the process of ventricular relaxa- 
tion during the diastolic phase of the cardiac cycle de- 
pends on the extrusion of calcium from the cellular cyto- 
plasm and its uptake by the sarcoplasmic reticulum and 
mitochondria. The diastolic characteristics of ventricular 
function are affected by the end-diastolic volume of the 
ventricle, and thus depend on venous return as well as on 
the lusitropic properties of the ventricular myocardium 25 

In patients with hypertrophic cardiomyopathy, the 
salutary effects of calcium channel blocker therapy on the 
diastolic parameters of the ventricular function curve 
have been demonstrated. Indeed, the 3 currently avail- 
able calcium channel antagonists—nifedipine, verapamil 
and diltiazem—increase peak filling rate and decrease 
time to peak filling rate in patients with hypertrophic 
cardiomyopathy.”¢-28 Similarly, the abnormalities of dia- 
stolic function in patients with myocardial ischemia have 
been noted to improve after therapy with calcium channel 
blockers. However, the treatment of patients with hy- 
pertension has not produced uniform benefits in left ven- 
tricular diastolic function. In particular, neither hydro- 
chlorothiazide, propranolol nor diltiazem significantly af- 
fect peak filling rate or time to peak filling rate.2° 

In contrast, the study reported here demonstrates a 
significant improvement in left ventricular systolic and 
diastolic performance in patients with moderately severe 
hypertension (as defined by a diastolic blood pressure 
greater than 95 mm Hg) treated with the calcium chan- 
nel antagonist nifedipine. The decrease in systemic vascu- 
lar resistance and the associated diminished left ventricu- 
lar afterload resulted in an increase in peak ejection rate 
and cardiac output in patients at rest. The decrease in 
systemic vascular resistance at the point of peak bicycle 
exercise also permitted an increase in cardiac output 
above that observed in patients taking diuretic therapy 
alone. In addition, during the diastolic phase of the cardi- 
ac cycle, treatment with nifedipine increased the absolute 
value of the peak filling rate, decreased time to peak 
filling rate and prompted a corresponding increase in 
DF5o, with a decrease in the atrial filling volume of this 
patient population. 

Despite the virtually identical reduction in blood pres- 
sure observed in patients receiving either propranolol or 
nifedipine therapy, no improvements in systolic or dia- 
stolic function were observed in those treated with pro- 
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pranolol. The increase in systemic vascular resistance 
observed in propranolol-treated patients is consistent with 
previous observations of the effects of this 6-adrenergic 
blocking agent on systemic vascular resistance.*! The 
reduction in blood pressure in this patient population 
results not from peripheral effects of the agent, but from a 
depression of cardiac performance that results in de- 
creased cardiac output. The decrease in cardiac output 
observed in patients receiving propranolol resulted from a 
failure to increase stroke volume while decreasing heart 
rate. The inhibition of ventricular systolic ejection func- 
tion most likely results from the increase in systemic 
vascular resistance (afterload) in this patient population. 
Despite the decrease in heart rate that may otherwise be 
associated with improved diastolic flow, there was no 
improvement in parameters of diastolic function in this 
patient group. 

A major consequence of hypertension is a change in 
ventricular function; a change in diastolic left ventricular 
performance occurs before any significant change in sys- 
tolic ventricular contraction (Zusman, R.M., unpub- 
lished observation), and perhaps is indicative of the car- 
diomyopathic process that characterizes ventricular per- 
formance in patients with an elevated systemic vascular 
resistance. These abnormalities are easily demonstrable 
in patients with even mild hypertension. 

The results of this study demonstrate the ease with 
which erroneous conclusions might be drawn in the as- 
sessment of the efficacy of antihypertensive therapy when 
only blood pressure measurements are assessed. The 
study results justify the conclusion that propranolol and 
nifedipine are equally effective antihypertensive medica- 
tions in patients with mild to moderate hypertension. 
However, the mechanisms of action of these agents differ 
dramatically: one reduces systemic vascular resistance 
and improves cardiac output, whereas the other increases 
systemic vascular resistance and decreases cardiac out- 
put. The improvements in left ventricular diastolic perfor- 
mance associated with nifedipine therapy are consistent 
with its molecular mechanism of action and its effect on 
cellular calcium concentration with consequent changes 
in contractile and lusitropic properties of the ventricle. 
The lack of metabolic side effects associated with nifedi- 
pine therapy,? as well as the lack of adverse central 
nervous system side effects (which often characterize pa- 
tients treated with diuretics or -adrenergic blocking 
drugs, or both??), suggest that it is appropriate to reassess 
the traditional approach to treating patients with hyper- 
tension. The use of vasodilating agents should be consid- 
ered as initial therapy in patients with mild, moderate or 
severe hypertension, and these agents should also be con- 
sidered in patients whose blood pressure has been unre- 
sponsive to initial diuretic therapy.? 

The hemodynamic changes in ventricular function in 
response to nifedipine therapy point to the beneficial 
changes in left ventricular function that can accompany 
the use of a calcium channel antagonist. However, even 
within the calcium channel blocker class itself, we cannot 
conclude that each agent will have an identical effect in 
all patients with hypertension. Guazzi et al?^ demon- 
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strated that while both nifedipine and verapamil de- 
creased blood pressure in patients with severe hyperten- 
sion and left ventricular failure, nifedipine therapy im- 
proved left ventricular cardiac contraction, increased 
cardiac output, decreased systemic vascular resistance 
and dramatically decreased pulmonary capillary wedge 
pressure. In contrast, patients treated with verapamil had 
an identical reduction in blood pressure but insignificant 
improvements in left ventricular systolic function.?^ One, 
therefore, must assess the hemodynamic effects of each 
antihypertensive agent independently when considering 
its use in any given patient population. 

The treatment of patients with mild, moderate and 
severe hypertension is no longer a rigid algorithm in 
which patients are treated as if each will respond similarly 
to an identical treatment regimen. The stepped-care ap- 
proach to the treatment of hypertension has emphasized a 
logical progression of drug therapy in patients with ele- 
vated blood pressure, and has contributed greatly to the 
successful treatment of hypertensive subjects. With the 
development of newer antihypertensive agents, a more 
physiologic approach to the treatment of these patients 
will become available. 
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Noninvasive ambulatory blood pressure monitoring 
and Doppler echocardiography were used in a re- 
cent study evaluating persons aged 18 to 50 years 
who were initially found to have mild hypertension 
by casual blood pressure determination. Ambulato- 
ry blood pressure recordings were performed on a 
day of usual activity in 54 subjects; a subgroup of 
24 patients had evaluation of left ventricular di- 
mensions and diastolic filling patterns by Doppler 
echocardiography. Average ambulatory systolic 

res of 42% of subjects were >130 mm Hg. 
Only 35% had average diastolic pressures 285 mm 
Hg, and 5796 had either systolic or diastolic pres- 
sures 2130/85 mm Hg. Correlation between ca- 
sual and ambulatory pressures was not significant. 
No subject had left ventricular hypertrophy deter- 
mined by echocardiography. Abnormal left ventric- 
ular diastolic filling was noted in 38% of those pa- 
tients with average ambulatory pressures 2 130/85 
mm Hg, but in no patients with average pressures 
«130/85 mm Hg (p <0.05). These results suggest 
that ambulatory blood pressure monitoring may be 
a specific method for detecting those patients with 
mild hypertension who may have early and poten- 
tially reversible cardiac abnormalities. 

(Am J Cardiol 1989;64:62F -64F) 
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venting future cardiovascular disease. For that rea- 

son, it is necessary to identify accurately patients 
whose arterial blood pressure values are high enough to 
represent a risk and therefore might benefit from blood 
pressure reduction. In addition, past studies have shown 
that the presence of cardiac abnormalities in patients 
with hypertension worsens the prognosis.! Hence, defini- 
tion of the earliest abnormalities that may occur in the 
hearts of hypertensive patients will help identify the stage 
of their disorder. 

Recent studies have suggested that patients with hy- 
pertension may be characterized with greater precision 
by ambulatory blood pressure monitoring than by casual 
blood pressure measurements with regard to their aver- 
age blood pressure.” It has also been reported that echo- 
cardiography may be a more sensitive tool than electro- 
cardiography for the early detection of left ventricular 
hypertrophy in hypertensive patients.^ It has been sug- 
gested that impaired left ventricular diastolic filling may 
occur in persons with hypertension independent of left 
ventricular hypertrophy; it may also represent a separate 
or earlier abnormality in such patients.>~’ 

In this report, a series of young adults referred for the 
management of recently discovered mild hypertension 
were evaluated by ambulatory blood pressure monitoring 
and Doppler echocardiography. The results of the study 
indicate that these techniques may be useful in character- 
izing patients with regard to the stage of their disorder. 


T* treatment of hypertension is directed at pre- 


METHODS 

Noninvasive ambulatory blood pressure monitoring 
was used to assess a consecutive series of 54 adults (age 
range 18 to 50 years) referred for management on the 
basis of recently detected mild hypertension on 2 or more 
occasions by their initial physician or screening site. All 
patients were originally given a diagnosis of hypertension 
and were advised to begin antihypertensive drug therapy. 
Ambulatory blood pressure monitoring was performed 
either before the initiation of antihypertensive drug treat- 

ment or at least 2 months after its withdrawal. No patient 
had evidence of secondary hypertension or cardiac, neu- 
rologic, renal or peripheral vascular disease by ordinary 
clinical assessment. 

Ambulatory blood pressure recordings were per- 
formed on a day of typical weekly activity for each sub- 
ject. The Spacelabs 5200 device or Oxford /Suntek Accu- 
tracker was used, with recordings made every 20 to 30 





TABLE I Characteristics of Subjects 


Age (yr) 3418 
Casual systolic pressure (mm Hg) 155 € 19 
Casual diastolic pressure (mm Hg) 100€ 9 
Ambulatory average systolic pressure (mm Hg) 131 1: 11* 
Ambulatory average diastolic pressure (mm Hg) 81 + 9* 
Ambulatory average heart rate (beats /min) 78+12 
Ambulatory average rate /pressure product 10,338 + 1,970 


* p <0.01 compared with casual pressures. 
Results expressed as mean + standard deviation. 


« 130 mm Hg 130-139 mm Hg 





140+ mm Hg 


FIGURE 1. Distribution of average ambulatory systolic pres- 
sures in subjects from 18 to 50 years of age. 


minutes from 6:00 AM to midnight. Data were processed 
after transmittal to an IBM-XT personal computer using 
Lotus 1-2-3 software. Device errors and blood pressure 
readings with a pulse pressure «15 mm Hg were deleted 
automatically. Manual editing for outlier readings was 
not performed to avoid bias. An average of 38 + 14 
(mean + standard deviation) readings for each patient 
were available for analysis after error deletion. Average 
systolic and diastolic arterial blood pressures and stan- 
dard deviations were calculated. — 

Doppler echocardiography was performed by previ- 
ously described methods? in 24 of the subjects studied. 
Septal and posterior wall thickness, systolic and diastolic 
chamber dimensions and left ventricular mass were de- 
termined. The peak velocity of early (E) diastolic filling 
and late (A) diastolic filling due to atrial contraction was 
measured, and the A/E ratio was calculated. 


RESULTS 

The comparison between casual and average ambula- 
tory systolic and diastolic pressures is given in Table I. 
The average ambulatory heart rate and rate-systolic pres- 
sure product are also listed. Regression coefficients for 
correlation between casual and ambulatory measure- 
ments were not significant for either systolic (r = 0.144) 
or diastolic (r = 0.192) blood pressure. Distribution of 
average ambulatory systolic and diastolic blood pressures 
are shown in Figures 1 and 2. 

The relation between average daytime ambulatory 
blood pressure and A/E ratio as determined by Doppler 
echocardiography is shown in Table II. All subjects with 
ambulatory pressures «130/85 mm Hg had A/E ratios 
«1.0 (normal: <1.0).? In contrast, 5 of 13 patients (38%) 
with ambulatory blood pressures 2130/85 mm Hg had 





TABLE Il Comparison Between Average Daytime 
Ambulatory Pressures and A/E Ratios by Doppler 
Echocardiography 


Blood Pressure A/E «1.0 A/E 21.0 
«130/85 mm Hg 11 0 


2130/85 mm Hg 8 5 
Chi square 5.3, p <0.05 


A= peak velocity of late diastolic filling due to atrial contraction; E = peak velocity of 
early diastolic filling. 


90+ mm Hg 


85-89 mm Hg 


FIGURE 2. Distribution of average ambulatory diastolic pres- 
sures in subjects from 18 to 50 years of age. 





A/E ratios 21.0 which was statistically significant by 
chi-square analysis (p <0.05). By conventional criteria, ! 
none of the 24 patients studied had increased left ventric- 
ular mass. 


DISCUSSION 

The results of ambulatory blood pressure monitoring 
in the subjects of this study who were defined as being 
hypertensive by casual blood pressure measurements are 
in agreement with previous observations,!!-!3 indicating 
that there is poor correlation between casual and ambula- 
tory blood pressure determinations, and that lower aver- 
age pressures are obtained by the ambulatory method 
compared with casual observations. If ambulatory pres- 
sures indeed improve prediction of long-term risk of car- 
diovascular disease,? use of this technique for initial clas- 
sification of recently detected hypertension is warranted. 

The presence of cardiac abnormalities, even left ven- 
tricular hypertrophy as determined only by echocardiog- 
raphy, alters the long-term risk in patients with hyperten- 
sion.! In the subgroup of subjects who underwent Doppler 
echocardiography, none had evidence of left ventricular 
hypertrophy. However, nearly 40% of those patients with 
average ambulatory pressures 2130/85 mm Hg had a 
left ventricular diastolic filling abnormality as deter- 
mined by the ratio of early to late filling velocities. This 
finding may be due to several mechanisms including age, 
variation in heart rate, or intrinsic mechanical properties 
of the left ventricular wall during diastole. 

The relations between abnormalities in diastolic fill- 
ing patterns, left ventricular hypertrophy and future risk 
in patients with hypertension remain to be defined. The 
clustering of increased A/E ratios in those subjects with 
higher average ambulatory pressures suggests a patho- 
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physiologic link. These results indicate that ambulatory 
blood pressure monitoring may be useful in identifying 
persons with early cardiovascular response to hyperten- 
sion, and at a stage of their disorder that may be revers- 
ible by appropriate therapy. 
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The Nifedipine Gastrointestinal Therapeutic 
System in the Treatment of Hypertension 


William H. Frishman, MD, James L. Garofalo, MD, Armand Rothschild, MD, 
Marylee Rothschild, MD, Steven M. Greenberg, MD, and Judith Soberman, MD 


As the number of antihypertensive agents in- 
creases, the choice of optimal therapy becomes 
more difficult. Certainly, hemodynamic derange- 
ments caused by the disease state as well as thera- 
py must be considered. Patient convenience and 
quality of life are also issues that must be ad- 
dressed. Preliminary experience suggests that the 
gastrointestinal therapeutic system (GITS) push- 
pull osmotic pump formulation of nifedipine is safe 
and efficacious in the treatment of hypertension. In 
1 study, nifedipine GITS was compared with sus- 
tained-release propranolol in patients with mild to 
moderate hypertension already receiving diuretics. 
Using a 2-week placebo run-in, double-blind study 
design, patients were randomly assigned to receive 
nifedipine GITS (n — 31) in doses of 30, 60 or 90 
mg once daily, or sustained-release propranolol (n 
— 32) in doses of 80, 160 or 240 mg once daily. 
Previous diuretic therapy was continued. Sitting 
and S-minute standing blood pressure and heart 
rate measurements were obtained 24 hours after 
dosing. At the end point of treatment, both nifedi- 
pine GITS and sustained-release propranolol re- 
duced blood pressure compared with placebo (p 
«0.001) in the sitting and standing positions. Ni- 
fedipine GITS was more effective than sustained- 
release propranolol in reducing standing (p «0.005) 
and sitting (p <0.001) systolic blood pressure and 
sitting diastolic blood pressure (p « 0.02). Sus- 
tained-release propranolol caused a greater reduc- 
tion in standing (p «0.001) and sitting (p <0.0006) 
resting heart rate than nifedipine GITS. Both drugs 
were well tolerated. Nifedipine GITS is an effective 
and safe once-daily drug for use in patients with 
hypertension already receiving diuretics, and may 
be more effective than sustained-release propran- 
olol and better tolerated than conventional nifedi- 
pine capsule treatment. 

(Am J Cardiol 1989;64:65F -69F) 
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proved for use in the United States: diltiazem, 

nifedipine, nicardipine and verapamil. Results 
from numerous clinical trials support the use of some of 
these calcium channel blockers as monotherapy or in 
combination with other antihypertensive drugs for the 
management of hypertension.!-? Each differs in apparent 
mechanism of action, time course of action, concentra- 
tion-effect relation and pharmacologic action in different 
tissues. Nifedipine (indicated for angina only in the cap- 
sule formulation) and recently approved for use in angina 
and hypertension in the gastrointestinal therapeutic sys- 
tem—GITS—formulation, is a dihydropyridine calcium 
channel blocker structurally unrelated to diltiazem and 
verapamil (Fig. 1). Its clinical efficacy in the treatment of 
hypertension has been demonstrated in single and multi- 
ple dose studies.2-57-!! These studies documented the 
effectiveness of nifedipine in reducing elevated systolic 
and diastolic blood pressures. F urthermore, the extent of 
blood pressure reduction in individual patients was found 
to be related to pretreatment levels: the higher the blood 
pressure, the greater the reduction. 

However, because nifedipine has a short plasma half- 
life (approximately 2 hours), it must be administered 3 to 
4 times daily to insure sustained efficacy. In addition, due 
to a rapid absorption rate, a bolus effect and significant 
variation in plasma peak concentration have been ob- 
served after capsule administration. It has been suggested 
that this rapid absorption and increase in plasma concen- 
trations may be associated with such adverse effects as 
increased heart rate, flushing and headache, reported in 
various Clinical trials. The slow absorption of nifedipine 
results in the attenuation of the increased heart rate asso- 
ciated with a rapid increase in nifedipine plasma concen- 
trations.'* The administration of nifedipine with food has 
been shown to delay absorption and attenuate peak plas- 
ma concentrations so that blood pressure may be lowered 
over a longer period of time and increases in heart rate 
minimized. !3 

Technically, the controlled delivery of nifedipine is 
difficult because the drug is relatively insoluble, and be- 
cause release methods based on diffusion would not be 
reliable. The gastrointestinal therapeutic system (GITS) 
is a tablet that releases nifedipine by an osmotic displace- 
ment mechanism—a push-pull pump—that delivers a 
finely powdered form of the insoluble drug in suspension 
into the intestinal tract.!^ The nifedipine GITS formula- 
tion consists of a bilayer tablet core that contains the drug 
in one layer and the osmotic driving agent in the other 


T» are currently 4 calcium channel blockers ap- 
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layer (Fig. 2). The bilayer tablet is coated with a semiper- 
meable membrane, and has a laser-drilled delivery orifice 
on the drug side through which the nifedipine suspension 
is pushed into the gastrointestinal tract as water is ab- 
sorbed by the tablet, causing the expansion of the osmotic 
driving agents. Nifedipine is released over a period of 24 
hours,!4 with zero-order kinetics for approximately 16 
hours. The plasma concentration-time profiles observed 
in studies of the nifedipine GITS dosage form in normal 
volunteers indicate that once-daily dosing provides rela- 
tively constant, clinically effective plasma concentrations 
of nifedipine (Fig. 3).!> 

Preliminary studies have examined the therapeutic 
efficacy of the nifedipine GITS formulation in the man- 
agement of hypertension. In a placebo-controlled, dou- 
ble-blind study comparing nifedipine GITS monotherapy 
to hydrochlorothiazide monotherapy, both administered 
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once daily, nifedipine GITS was as effective as the diuret- 
ic therapy and more effective than placebo in controlling 
mild to moderate hypertension; nifedipine GITS was well 
tolerated.!6 Initial results from a multicenter clinical trial 
favorably compared the nifedipine GITS formulation to 
sustained-release propranolol. The final results from 
this prospective, randomized, double-blind study of pa- 
tients with mild to moderate hypertension not controlled 
with diuretics alone are described. 


METHODS 

Methodology and preliminary results in 49 patients 
have been noted previously." This report consists of data 
obtained from 63 patients evaluated for efficacy. In brief, 
patients fulfilling the entry criteria of a sitting diastolic 
blood pressure in the range of 95 and 110 mm Hg not 
controlled with diuretics were studied; no other antihy- 
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gastrointestinal therapeutic system. (Re- 
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Peak represents 1 dose of nifedi- z 
pine capsules only. Squares, cap- 8 
sules; Circles, GITS. (Reproduced 50 
with permission from Am J Med!5.) 


pertensive medications were allowed. All patients com- 
pleted a 2-week washout period during which all antihy- 
pertensive medications except for diuretics were discon- 
tinued. This was followed by a 2-week, single-blind, 
placebo run-in period to establish baseline blood pressure 
values. Patients were then randomly assigned in a double- 
blind, parallel fashion to receive nifedipine GITS or sus- 
tained-release propranolol. Patients initially received ni- 
fedipine GITS, 30 mg, or sustained-release propranolol, 
80 mg, but could be titrated as necessary over the course 
of 2 weeks to nifedipine GITS, 60 or 90 mg, and sus- 
tained-release propranolol, 160 or 240 mg. Titration to 
the next higher dose occurred if the diastolic blood pres- 
sure was 90 mm Hg or greater and the patient experi- 
enced no adverse side effects at the lower dose. Patients 
were maintained on optimal doses of medication and 
evaluated for efficacy over an 8-week period. Sitting and 
5-minute standing blood pressure measurements were ob- 
tained 24 hours after the last dose was administered. The 
response to treatment was assessed by the change from 
the baseline blood pressure to the blood pressure at the 
last treatment visit. In addition, the proportion of patients 
who achieved goal blood pressure reduction, defined as a 
reduction to less than 90 mm Hg or a decrease of 10 mm 
Hg in sitting diastolic pressure, was also determined. An 
analysis of covariance model with baseline, site, treat- 
ment, and treatment by site interaction effects was used. 
Data are presented as adjusted mean changes with pooled 
estimate of standard deviation. 


RESULTS 

Patient characteristics are listed in Table I. Thirty- 
one patients were randomized to receive nifedipine GITS 
and 32 patients received sustained-release propranolol. 
At the end of the trial, 1 patient was receiving 30 mg, 7 
patients were receiving 60 mg and 22 patients were re- 
ceiving 90 mg of nifedipine daily, while in the sustained- 
release propranolol group, 3 patients were receiving 80 
mg, 11 patients were receiving 160 mg, and 18 patients 
were receiving 240 mg/day. One patient discontinued the 
study during the titration period. 





12 18 30 36 
Time after dose on day 5 (hour) 





Both nifedipine GITS and sustained-release propran- 
olol significantly reduced systolic and diastolic blood 
pressures in both the sitting (Table IT) and standing (Ta- 
ble III) positions. Nifedipine GITS was more effective 
than propranolol in reducing sitting systolic (p «0.001) 
and diastolic (p <0.018) blood pressures, with a decrease 
of 15.9 mm Hg systolic and 10.0 mm Hg diastolic pres- 
sure during nifedipine GITS treatment vs 5.7 mm Hg 
systolic and 6.1 diastolic pressure with propranolol. Ni- 
fedipine GITS administration produced a significantly 
greater decrease in standing systolic blood pressure than 
did propranolol (p <0.005), with a decrease of 14.6 mm 
Hg during nifedipine GITS treatment vs a decrease of 5.0 
mm Hg during sustained-release propranolol therapy 
(Table III). 

A statistically significant difference between nifedi- 
pine GITS and sustained-release propranolol was noted 
with regard to their effects on heart rate. In both the 
sitting and standing positions, sustained-release propran- 
olol had a significantly greater heart rate-lowering effect, 
decreasing the mean sitting heart rate by 10.5 beats/min 
(p <0.0006) and the mean standing heart rate by 11.9 


TABLE I Summary of the Demographic Characteristics for 
All Patients Who Took Study Medication 


Sustained- 
Nifedipine Release 
GITS Propranolol 
(n = 31) (n = 32) 
Age (yr) 5649 52410 
Duration of hypertension 136 + 107 116 479 
(mo) 
Weight (pounds) 185 4 35 187 +31 
Race 
White 25 27 
Black 6 6 
Other 2 0 
Sex 
Male 24 28 
Female 9 5 


For first 3 characteristics, values expressed as mean + standard deviation. 
GITS = gastrointestinal therapeutic system. 
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TABLE II Mean Changes* from Baseline to Last Treatment 
Visit by Treatment Group in Sitting Position 


Heart 
Rate 
(beats / min) 


Systolic Diastolic 
BP BP 
(mmHg) (mm Hg) 


Sustained-release propranolol —b.7 —6.1 
(n = 32) 
Nifedipine GITS 
(n = 31) 
Standard deviation* 
Difference between groups 
(p value) 
* Mean change obtained by giving equal weight to site-specific means adjusted for 
baseline effect. 
t Standard deviation is the pooled estimate from the analysis of variance. 
BP = blood pressure; GITS = gastrointestinal therapeutic system. 


2515.9 —10.0 


11.3 6.2 
0.001 0.018 


TABLE Ili Mean Changes* from Baseline to Last Treatment 
Visit by Treatment Group in Standing Position 


Heart 
Rate 
(beats / min) 


Systolic Diastolic 
BP BP 
(mmHg) (mm Hg) 


Sustained-release propranolol 
(n = 32) 
Nifedipine GITS 
(n = 31) 
Standard deviation! 
Difference between groups 
(p value) 
* Mean change obtained by giving equal weight to site-specific means adjusted for 
baseline effect. 


t Standard deviation is the pooled estimate from the analysis of variance. 
Abbreviations as in Table II. 


TABLE IV Proportion of Patients with Diastolic Blood 
Pressure Less than 90 mm Hg and/or 10 mm Hg Reduction 
in Blood Pressure at Final Treatment Visit 
Sitting 
Position 

8/32 (2596) 
19/31 (61%) 
0.003 


Standing 
Position 


9/32 (28%) 
16/31 (52%) 
0.06 


Sustained-release propranolol 
Nifedipine GITS 
p value 


Abbreviations as before. 


beats/min (p «0.001). The administration of nifedipine 
GITS resulted in no significant change in either sitting 
(—1.0 beats/min) or standing (—2.3 beats/min) heart 
rate. 

By the end of the study, the goal blood pressure reduc- 
tion was achieved in 61% of patients in the sitting position 
and in 5296 of patients in the standing position with nifed- 
ipine GITS (Table IV). Goal blood pressure reduction in 
patients taking sustained-release propranolol was 25% in 
the sitting position and 28% in the standing position. 
Thus, more patients were able to achieve the blood pres- 
sure reduction goal with the nifedipine GITS formulation 
than with the sustained-release propranolol (sitting, p 
«0.003; standing, p «0.06). Both agents were well toler- 
ated. 


68F THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 











DISCUSSION 

Significant advances in the recognition and treatment 
of hypertension and in the development of antihyperten- 
sive therapy have been made over the last 40 years. His- 
torically, the stepped-care pharmacologic approach to the 
treatment of hypertension included initial therapy with 
diuretics and 8 blockers, and the addition of vasodilators 
as necessary to achieve blood pressure control. Today, 
this traditional approach is being reexamined. In fact, the 
most recent report of the Joint National Committee on 
Detection, Evaluation, and Treatment of High Blood 
Pressure indicated that calcium channel blockers and 
angiotensin-converting enzyme (ACE) inhibitors are also 
useful as initial drug monotherapies in hypertensive pa- 
tients.!* 

In reevaluating the traditional stepped-care approach 
to hypertension, attention has turned toward other com- 
pounds that alter the underlying pathophysiology of hy- 
pertension—increased peripheral vascular resistance— 
without compromising other organ functions or adversely 
affecting metabolic parameters. Newer and often better 
tolerated antihypertensive agents, such as calcium chan- 
nel blockers, offer significant therapeutic benefit. The 
calcium channel blocker nifedipine is a potent arteriolar 
vasodilator that effectively reduces high blood pressure 
by directly decreasing total peripheral vascular resis- 
tance.!9:20 However, in traditional formulations, nifedi- 
pine administration may be associated with certain nui- 
sance side effects, and requires a frequent dosing regi- 
men. 

Preliminary experience with the once-daily GITS for- 
mulation of nifedipine indicates that it effectively reduces 
blood pressure in hypertensive patients both alone!ó and 
in combination with a diuretic.!" The updated results of 1 
such trial!” reported here support the initial findings. 
Nifedipine GITS was more effective than sustained-re- 
lease propranolol in reducing standing and sitting systolic 
blood pressure, and sitting diastolic blood pressure. Al- 
though nifedipine GITS did not appear to affect heart 
rate, sustained-release propranolol caused a greater re- 
duction in standing and sitting resting heart rate. In addi- 
tion, the side-effect profile of nifedipine GITS was found 
to be favorable, in agreement with preliminary results. 
The fact that patients were not controlled at the end of 
the trial on doses of sustained-release propranolol that 
initially achieved goal blood pressure suggests that there 
may be loss of efficacy of this agent over time. Thus, 
nifedipine GITS is an effective and safe once-daily drug 
for use in patients with hypertension already receiving 
diuretics, and appears to be more effective than sus- 
tained-release propranolol and better tolerated than con- 
ventional nifedipine capsule treatment. 


CONCLUSION 

The GITS formulation has successfully changed the 
clinical profile of nifedipine from a short-acting, rapidly 
absorbed drug with marked fluctuations in plasma blood 
levels to a long-acting, once-daily preparation that ap- 
pears to be efficacious, safe and predictable. 
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Introduction 


John T. Gwynne, MD 


man intervention studies, as well as genetic, bio- 
chemical and animal studies, have clearly estab- 
lished that serum lipoproteins play important roles in the 
development of atherosclerosis. The later evidence also 
has established a role for circulating monocytes-macro- 
phages in atherogenesis. Whereas elevated levels of low- 
density lipoprotein (LDL) cholesterol and decreased lev- 
els of high-density lipoprotein (HDL) cholesterol are re- 
lated epidemiologically to accelerated atherosclerosis, the 
physiologic and biochemical phenomena responsible for 
these relations are only now becoming clear. Advances in 
understanding the role of various lipoproteins in the ath- 
erosclerotic process have been greatly propelled by the 
recognition by Brown and Goldstein of LDL receptor- 
mediated endocytosis. Such endocytosis is a very impor- 
tant way in which lipoprotein-cell interactions, when dis- 
ordered, can lead to atherosclerosis. Alternative mecha- 
nisms of lipoprotein-cell interactions may be more 
important in mediating the protective effect of HDL. 
With these mechanisms as a basis to explain both 
regulation of lipoprotein levels and specific lipoprotein- 
cell interactions, considerable progress is now being made 
in understanding the mechanisms by which lipoproteins 
cause, prevent or reverse atherosclerotic lesions. These 
more recent observations form the basis for the current 
symposium, which focuses on the dynamics of lipid and 
lipoprotein metabolism as the foundation for understand- 
ing and preventing the pathogenesis of atherosclerosis. 
These published proceedings, Lipid Dynamics and 
Atherosclerosis, provide an in-depth update on the cellu- 
lar and molecular biologic processes in atherogenesis. H. 
Bryan Brewer, MD, Chief, Molecular Disease Branch, 
National Heart, Lung, and Blood Institute, National In- 
stitutes of Health, Bethesda, Maryland, provides guide- 
lines for nonpharmacologic and pharmacologic treatment 
of hypercholesterolemia, based on the recent report re- 
leased by the National Education Program Adult Expert 
Panel. Dr. Brewer also describes new quantitative assays 
that might assist in assessing coronary risk, including 
lipoprotein (a), which may be the link between thrombo- 
sis and plasma lipoproteins and atherosclerosis. 
*HDL Levels as a Marker of Reverse Cholesterol 
Transport" addresses the paradox of elevated HDL cho- 


F arlier epidemiologic studies and more recent hu- 


From the Department of Endocrinology, The University of North Caro- 
lina School of Medicine at Chapel Hill, Chapel Hill, North Carolina. 
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lesterol as a putative protective factor and discusses ex- 
ceptions to the general inverse relation between HDL 
cholesterol and coronary heart disease, revealed by epide- 
miologic, genetic and therapeutic studies. Evidence is 
presented suggesting that the paradoxic role of HDL and 
the many apparent exceptions can be resolved by consid- 
ering the process of reverse cholesterol transport. HDL 
particles, particularly those enriched in apolipoprotein A- 
I, appear to be the effector arm of the reverse cholesterol 
transport system in which cholesterol is removed from 
arterial wall foam cells, trapped within the HDL particle 
by esterification, transferred through the circulation, tak- 
en up by the liver and excreted from the body. The signifi- 
cance of reverse transport of cholesterol in atherosclerosis 
and atherogenesis is highlighted. 

The role of biologically modified LDL in atheroscle- 
rosis is presented by Thomas E. Carew, PhD, Depart- 
ment of Medicine, University of California at San Diego. 
Dr. Carew in collaboration with Daniel Steinberg, MD, 
PhD, has shown that oxidized LDL plays a pivotal role in 
the atherosclerotic process. He reports on clinical investi- 
gation that has provided 4 lines of evidence that oxidative 
modification of LDL may occur in vivo. The implications 
of these findings with respect to atherogenesis and the 
potential for therapeutic intervention are explored. 

Colin J. Schwartz, MD, Professor of Pathology, The 
University of Texas Health Science Center at San Anto- 
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nio, addresses the role of hemodynamic stress in plaque 
development at preferential localized regions of the arte- 
rial tree. He discusses regulation of the migration of blood 
monocytes to the arterial intima, and the importance of 
the macrophage “scavenger” receptor in plaque foam cell 
formation and atherogenesis. His presentation includes 
important new information from his own laboratory 
about the regulation and molecular genetics of the scav- 
enger lipoprotein receptor. 

The clinician is faced with confounding information 
and a wide array of drugs from which to choose when 
selecting a pharmacologic agent for the treatment of hy- 
percholesterolemia. H. Robert Superko, MD, FACSM, 
FAACVPR, Medical Director, Lipid Research Clinic 
and Laboratory, Stanford University School of Medicine, 
reports on several recent, large-scale studies that have 
demonstrated the benefits of pharmacologic reduction of 
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plasma cholesterol. He also discusses 3 randomized arte- 
riographic investigations that showed that the rate of 
atherosclerosis progression can be reduced and lumen 
obstruction decreased. Dr. Superko reviews the classes of 
drugs currently available, emphasizing the significance of 
the mechanism of action of each. Furthermore, the poten- 
tial role of lipoprotein abnormalities, such as lipoprotein 
(a), apolipoprotein E isoforms, hyperapobetalipoprotein- 
emia, and small, large and modified LDL, in future con- 
sideration of therapy is explored. 

As we increase our knowledge of the influence of lipid 
dynamics on the atherosclerotic process, we are better 
able to define preventive and therapeutic recommenda- 
tions. Indeed, the information gleaned from clinical stud- 
ies may indicate that reduction in plasma and LDL cho- 
lesterol is not as critical as inhibiting or enhancing lipo- 
protein actions and interactions. 





Clinical Significance of Plasma Lipid Levels 


H. Bryan Brewer, Jr., MD 


Epidemiologic studies have established that elevat- 


ed low-density lipoprotein (LDL) cholesterol values 
and decreased levels of high-density lipoprotein 
(HDL) cholesterol are risk factors for coronary ar- 
tery disease (CAD). Results from clinical trials indi- 
cate that reduction in LDL cholesterol decreases 
the incidence of and reduces the risk of CAD. 

The National Cholesterol Education Program re- 
cently developed guidelines for the evaluation of 
plasma cholesterol in adults. Initial classification is 
categorized and based on the following values: 
«200 mg/dl is *desirable" blood cholesterol; from 
200 through 239 mg/dl is classified as *moderate- 
high" blood cholesterol; and 2240 mg/dl is “high” 
blood cholesterol. Decision-making regarding ther- 
apeutic intervention is influenced by the presence 
of other lipoprotein risk factors, such as reduced 
HDL cholesterol and elevated lipoprotein (a), and 
nonlipid factors, including age, sex, hypertension, 
obesity, smoking, diabetes mellitus, and family or 
patient history of CAD. Persons with borderline- 
high blood cholesterol and established CAD or 2 
other risk factors as well as those with high blood 
cholesterol should undergo lipoprotein analysis. 

LDL cholesterol is the primary lipoprotein to 
consider when determining treatment goals. Pa- 
tients with LDL cholesterol levels >160 mg/dl with- 
out CAD or 2 other risk factors and those patients 
with LDL cholesterol >130 mg/dl with CAD or 2 
other risk factors are initially managed with dietary 
therapy. The goal of treatment of hyperlipidemia is 
to reduce LDL cholesterol to «160 mg/dl or to 
«130 mg/dl in patients with established CAD or 
with 2 other risk factors. Dietary therapy follows 
the American Heart Association and National Cho- 
lesterol Education Program's Step-One and Step- 
Two Diets. When it is necessary to institute a phar- 
macologic regimen, medication is administered as 
an adjunct to diet. 

(Am J Cardiol 1989;64:3G-9G) 


From the National Heart, Lung, and Blood Institute, National Insti- 


tutes of Health, Bethesda, Maryland. 
Address for reprints: H. Bryan Brewer, Jr., MD, Building 10, Room 
7N117, National Institutes of Health, Bethesda, Maryland 20892. 


smoking are well-established risk factors for pre- 

mature coronary artery disease (CAD). The 
Lipid Research Clinics Coronary Primary Prevention 
Trial!? is a classic study demonstrating that reduction in 
plasma cholesterol, specifically low-density lipoprotein 
(LDL) cholesterol, decreases the risk of CAD. This mul- 
ticenter, randomized, double-blind study reported reduc- 
tions in total cholesterol and LDL cholesterol of 13.4 and 
20.3%, respectively, which resulted in a 24% decrease in 
definite CAD mortality and a 19% decrease in nonfatal 
myocardial infarction. These findings were critical in the 
gradual development of the knowledge base for the treat- 
ment of hyperlipidemia and the subsequent reduction of 
cardiovascular risk. 

The Cholesterol-Lowering Atherosclerosis Study? as- 
sessed the benefit of total plasma cholesterol and LDL 
cholesterol reduction in patients with established cardio- 
vascular disease. This randomized, placebo-controlled, 
angiographic trial tested combination pharmacotherapy 
using colestipol and niacin in 162 nonsmoking men, aged 
40 to 59 years, who had undergone coronary bypass sur- 
gery. Total cholesterol levels before the study ranged 
from 185 to 350 mg/dl. Results from the 2-year study 
showed a 26% reduction of total plasma cholesterol; LDL 
cholesterol decreased 43%; and high-density lipoprotein 
(HDL) cholesterol increased 37%. The reductions in cho- 
lesterol and lipoprotein levels were associated with a sig- 
nificant decrease in the average number of lesions that 
progressed in each patient, a decrease in the percentage of 
subjects in whom new atheroma developed, and a signifi- 
cant reduction in any adverse change in bypass grafts. 
Overall, progression of coronary lesions was reduced by 
36%, and atherosclerosis regression, which was indicated 
by perceptible improvement in overall coronary status, 
occurred in 16.2% of patients receiving combination ther- 
apy. 
These combined studies documented that a marked 
reduction in lipoproteins was associated with a lack of 
progression of CAD in addition to regression of cardio- 
vascular disease in some patients. The results of these 
clinical trials created a great impetus to develop a defini- 
tive program for the treatment of hyperlipidemia. During 
the past 2 years, a cholesterol education program has 
been developed that establishes guidelines for the treat- 
ment of hypercholesterolemia. 


H« plasma cholesterol levels, hypertension and 


NATIONAL CHOLESTEROL EDUCATION 
PROGRAM GUIDELINES 

The total plasma cholesterol measurement is utilized 
for initial case finding and classification; however, LDL 
cholesterol is the key index for decision-making concern- 
ing treatment. Cholesterol screening confirms the neces- 
sity of nonpharmacologic or pharmacologic therapy and 
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Obtain nonfasting total 
blood cholesterol 


High (2240 mg/dl) Borderline to high 


(200 to 239 mg/dl) 


Fractionate cholesterol 4—————- CHD or 2 CHD risk 
and obtain total factors (1 of which 
cholesterol, LDL can be male sex) 
cholesterol, HDL 

cholesterol, and 

triglyceride levels 


High LDL cholesterol 
(2160 21 


Borderline to high LDL 
cholesterol (130 to 159 mg/dl) 


Evaluate for secondary «———— CHD or 2 CHD risk 


causes; familial disorders; factors (1 of which 
influences of age, sex, can be male sex) 
other CHD risk factors 

Set treatment goal: LDL 
cholesterol — 160 mg/dl 
or «130 mg/dl if CHD or 
at least 2 CHD risk 
factors are present 


— 130 mg/dl 





is a useful tool for monitoring the effects of diet and drug 
therapy. The guidelines established by the National Cho- 
lesterol Education Program^? designate cutoff points and 
goals that are not age or sex specific. In addition, the 
cutoff points for pharmacologic therapy provide a protec- 
tive barrier to the inappropriate overuse of cholesterol- 
reducing drugs. 

Initial classification by total plasma cholesterol: All 
adults, aged 20 years or older, should have a total plasma 
cholesterol screening performed every 5 years. Classifica- 
tion according to total blood cholesterol measurement 
includes: “desirable” total cholesterol «200 mg/dl; “bor- 
derline-high" total cholesterol from 200 mg/dl through 
239 mg/dl; and “high” total cholesterol 2240 mg/dl. To 
convert serum values to plasma, multiply by 0.97. Choles- 
terol values in mg/dl can be converted to millimoles per 
liter by multiplying by 0.02586; triglyceride values can be 
converted by multiplying by 0.01129. Conversely, LDL 
cholesterol plasma determinations should be multiplied 
by 1.03 to correct them to serum cutoff points. 

The risk of CAD increases steeply when total plasma 
cholesterol levels are 7240 mg/dl; these values corre- 
spond approximately to the 75th percentile of American 
adults. In addition to initial cholesterol screening, all 
adults also should be evaluated for the presence of other 
CAD risk factors, including male gender, hypertension, 
cigarette smoking, diabetes mellitus, severe obesity, and a 
patient history of CAD or a family history of premature 
CAD. 

The initial classification determines which steps are 
appropriate for individual patient management (Fig. 1). 
Patients with desirable plasma cholesterol should be edu- 
cated on healthy diet and risk reduction. These patients 
should be reevaluated every 5 years. Patients with border- 
line-high plasma cholesterol should have their cholesterol 
levels reanalyzed. The average of the 2 screenings is used 
for decision-making regarding therapeutic management. 
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Reevaluate annually; 
provide dietary 
recommendations 





Desirable level 
(«200 mg/dl) 


No CHD or risk factors 


FIGURE 1. Diagnostic protocol for 
hypercholesterolemia. CHD = coro- 


LDL cholesterol > Repeat measurements 


within 5 years or with 
physical examination 


The National Cholesterol Education Program recom- 
mends that lipoprotein analysis should be performed in 
patients with borderline-high plasma cholesterol and 2 
risk factors. Patients with high plasma cholesterol should 
routinely undergo lipoprotein analysis. This evaluation is 
performed in the fasting state and identifies patients with 
elevated LDL cholesterol, using the formula: LDL cho- 
lesterol = total cholesterol — HDL cholesterol — (triglyc- 
erides/5). 

Patients are classified according to the LDL choles- 
terol values as follows: 2160 mg/dl designates high risk, 
130 through 159 mg/dl is borderline-high risk, and «130 
mg/dl is acceptable LDL cholesterol. Total plasma cho- 
lesterol levels of 240 and 200 mg/dl correspond approxi- 
mately to LDL cholesterol levels of 160 and 130 mg/dl, 
respectively. 


HIGH PLASMA CHOLESTEROL 
CAUSED BY SECONDARY FACTORS 

Other disease states or drugs may be causative factors 
of high plasma cholesterol (Table I). A clinical evalua- 
tion, including a complete history, physical examination 
and basic laboratory tests, assists in determining whether 
the patient has a primary lipid disorder or if elevated 
cholesterol and LDL cholesterol levels are secondary to 
another disease or drug. Laboratory tests such as urinaly- 
sis, complete blood cell count, plasma thyrotropin, glu- 
cose, alkaline phosphatase and albumin may rule out an 
attributive disease. When total cholesterol is elevated be- 
cause of a secondary disease, the appropriate therapy is to 
treat the underlying disease. If a pharmacologic agent is 
suspected as the probable cause of elevated cholesterol 
levels, discontinuance of the drug should result in reduced 
cholesterol levels on reevaluation. 

Familial disorders: Two primary genetic hyperlipide- 
mic diseases cause grossly elevated cholesterol values: 
familial hypercholesterolemia, which is an autosomal 


dominant disorder of the LDL receptor, and familial 
combined hyperlipidemia.? The incidence of the former 
genetic defect is approximately 1 in 500. These patients 
will have serum cholesterol levels 2300 mg/dl, tendon 
xanthomas and premature CAD. In familial combined 
hyperlipidemia, affected family members may have ele- 
vated levels of LDL cholesterol, triglycerides or both. 
Although these patients rarely present with tendon 
xanthomas, premature CAD is often observed. 


NONLIPID RISK FACTORS 

The presence or absence of nonlipid risk factors di- 
rects therapeutic intervention for the management of 
LDL cholesterol and also establishes overall risk status 
for CAD (Table II). Such modifiable risk factors as 
smoking and hypertension are important because effec- 
tive therapeutic intervention would address these factors. 
Gender and age are major nonlipid risk factors, and al- 
though the National Cholesterol Education Program 
guidelines do not delineate cutoff points for these, the 
practitioner should include such secondary risk factors 
into the decision-making regarding therapy. 

Male gender presents significant risk. The rates of 
CAD are 3 to 4 times higher in middle-aged men than in 
women of the same age and 2 times higher in elderly 
patients.^? Thus, the benefit of reducing cholesterol levels 
is greater for men than for women. 

Age, as a determinant of risk status, is not as easily 
defined as gender. Table III provides selected age-specific 
reference values.? It is known that age is an important risk 
factor; therefore, institution of diet therapy, even in youn- 
ger patients (<age 20 years) is recommended to prevent 
atherosclerosis at an early stage. However, there are little 
data showing the benefit of intervention in patients aged 
60 years and older.? In addition, the association between 
LDL cholesterol and CAD appears to diminish with in- 
creasing age. Generally, intervention to reduce cholester- 


TABLE I Disease States* Implicated in Secondary 
Hyperlipoproteinemia 


Hyperthyroidism 
Diabetes mellitus 
Renal 
Nephrosis 
Renal failure 
Hepatic 
Obstructive liver disease 
Hepatocellular disease 
Hepatic storage disease 
Glycogen storage disease 
Dysproteinemia 
Myelomas 
Circulating antibodies 
Hyperuricemia 
Acute intermittent porphyria 
Alcoholism (possibly) 


* Ingestion of diets high in cholesterol and saturated fats also may be associated 
with elevated plasma lipoprotein levels. 
Reproduced with permission from Consultant Magazine.® 








ol in persons older than age 60 years should be evaluated 
on an individual basis. 


OTHER LIPOPROTEINS AS 
SIGNIFICANT RISK FACTORS 

The level of plasma HDL cholesterol relates inversely 
to CAD risk. There is no direct evidence that raising 
HDL cholesterol levels results in lessened risk; however, 
recommendations to alter life-style behavior that may 
result in elevated HDL cholesterol, such as quitting 
smoking, losing weight and exercising, is sound health 
advice. Although some investigators suggested that mod- 
est intake of alcohol might raise HDL levels, recent stud- 
ies indicate that the major effect of alcohol is on HDL3 
and not HDL», the lipoprotein fraction that appears to be 
inversely related to atherosclerosis.!? Increasing alcoholic 
intake is not recommended because some alcohol-sensi- 
tive persons may experience a dramatic increase in tri- 
glyceride levels. In addition, using an LDL to HDL cho- 
lesterol ratio is not advised; each lipoprotein value is an 
independent risk factor. 

Plasma triglyceride levels may be associated with 
CAD risk, particularly in men and women older than age 
50 years.!! With the exception of the patient in whom an 
exceptionally high level may cause pancreatitis, treat- 
ment directed toward solely reducing triglyceride values 
is not recommended.^ The clinician, however, should be 
aware that hypertriglyceridemia alone may signify famil- 
ial combined hyperlipidemia, which would merit preven- 
tive therapy. 

Lipoprotein (a), referred to as Lp(a), is a complex of 
the LDL, which contains apolipoprotein B and apolipo- 
protein (a).!? Its structure demonstrates a marked homol- 
ogy to plasma plasminogen; therefore, this protein may 
be the link between thrombosis and the plasma lipopro- 
teins and atherosclerosis. Immunocytochemical studies 
have recently shown that Lp(a) lines the vessel wall,'?.? 


TABLE Il Risk Status Based on Presence of Coronary Artery 
Disease Risk Factors Other Than Low-Density Lipoprotein 
Cholesterol 


The patient is considered to have a high-risk status if he or she has one 
of the following: 
Definite CAD—the characteristic clinical picture and objective 
laboratory findings of either: definite prior myocardial infarction, or 
definite myocardial ischemia, such as angina pectoris 
Two other CAD risk factors: 
Male gender 
Family history of premature CAD (definite myocardial infarction or 
sudden death before age 55 years in a parent or sibling) 
Cigarette smoking (currently smokes more than 10 cigarettes per 
day) 
Hypertension 
Low HDL cholesterol concentration («35 mg/dl confirmed by 
repeated measurement) 
Diabetes mellitus 
History of definite cerebrovascular or occlusive peripheral vascular 
disease 
Severe obesity (230% overweight) 


CAD = coronary artery disease; HDL = high-density lipoproteins. 
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HDL = high-density lipoproteins; LDL = low-density lipoproteins. 
Reproduced from Circulation,? by permission of the American Heart Association, Inc. 


and in a number of ongoing studies, the severity of cardio- 
vascular disease in many cases is proportional to the plas- 
ma level of Lp(a). Lp(a) is an independent risk factor for 
premature cardiovascular disease. Values >30 mg/dl are 
associated with a twofold increase in premature cardio- 
vascular disease, and in a patient in whom there is an 
elevated Lp(a) level in addition to elevated LDL choles- 
terol, the risk of CAD increases fivefold.!4 

There is no rigid standardization for Lp(a) at this 
time, and current pharmacologic therapy does not reduce 
plasma Lp(a) levels. Some of the patients who demon- 
strate disease progression with concomitant reduction of 


Do Lipoprotein Analysis 
@ 12-hour fast 
* Measure total cholesterol, HDL cholesterol, and 
triglycerides 
e Estimate LDL cholesterol — 
total cholesterol — HDL cholesterol — (triglycerides/5) 
€ Average of 2 to 3 measurements, 1 to 8 weeks apart 


Desirable 
LDL Cholesterol 
« 130 mg/dl 


8558585888568 





LDL cholesterol, may, in fact, have elevations of Lp(a) 
levels. 


TREATMENT DECISIONS BASED 
ON RISK IDENTIFICATION 

Treatment decisions are made according to LDL cho- 
lesterol level and the presence of other risk factors (Fig. 
2). In persons with high LDL cholesterol or borderline- 
high LDL cholesterol and 2 other risk factors, cholester- 
ol-reducing treatment is in order after a complete clinical 
evaluation. Care should be taken to establish that the 
LDL cholesterol level is not secondary to another disease 


Repeat total cholesterol 
measurement within 5 years 


Provide general dietary and risk FIGURE 2. Risk classifica- 
factor education tion based on low-density li- 


Provide information on the 
Step-One Diet 
Reevaluate patient status annually 
e Remeasure total cholesterol 
e Reinforce dietary education 


viations as in Figure 1. + = 
Borderline- 

High-Risk present; O — absent. 
LDL Cholesterol 
130-159 mg/dl 


(0) CHD and (0) 2 
Risk Factors 
(+) CHD or (+) 2 
Risk Factors 


Do Clinical Evaluation (history, 
physical exam, and laboratory tests) 
€ Evaluate for secondary causes 

e Evaluate for familial disorders 


e Consider influences of age, sex, 
and other CHD risk factors 


Set Goal LDL Cholesterol 


High-Risk e —160 mg/dl or 


LDL Cholesterol 
2:160 mg/dl 


e —130 mg/dl — if (+) CHD or (+) 
2 Risk Factors 
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sk and clinical status, age and gender. A basic 
of the National Cholesterol Education Program is 
atment goals of significantly reduced LDL values 
d be considered in patients with established CAD or 
hen 2 other CAD risk factors are present. Before initia- 
f any pharmacologic treatment program, however, 
or 3 measurements should be taken, 1 to 8 weeks apart, 
nfirm the LDL cholesterol measurement. 











| TO REDUCE 

SMA CHOLESTEROL 

ly, LDL cholesterol should be reduced as low as 
possible t to reduce CAD risk effectively. The minimal 
Is of any therapeutic regimen are a reduction of LDL 
; cholesterol to <160 mg/dl or to <130 mg/dl in patients 
-~ with established CAD or in whom 2 other CAD risk 
_ factors are present. Total plasma cholesterol should be 
. reduced to «240 mg/dl.* 

The American Heart Association and the National 
_ Cholesterol Education Program have defined Step-One 
. and Step-Two Diets to reduce cholesterol levels. The 













- TABLE IV Recommended Diet Modifications to Lower Blood Cholesterol —The Step-One Diet 


pe Fish, poultry without skin, lean cuts of 
beef, lamb, pork or veal, shellfish 





<: Fish, chicken, turkey 
and lean meats 


7C... Skim and low-fat milk, 


cheese, yogurt and evaporated), buttermilk 





ig TEN for another condition. A treatment pro- . diets ets 
hould take into account the patient's total coro- — ur t 
| cimi p patients. Step One I Diet rest 


rated fat and cholesterol; saturated fat is restric 


Skim or 1% fat milk (liquid, powdered, 













total fat to <30% of total calories, with satı 


mg/day. Table Iv outlines suggested food acis on 
to achieve these s poole If the e Seppie Diet does 
| olv ues at 











This regimen i recainimiendi: a more boe app iius A 







<7% of total calories and cholesterol to «200 m 
If total cholesterol is adequately decreased and 
tained at an acceptable level, LDL cholesterol should e 
measured to confirm desirable levels. Once managemen 
goals are achieved, the patient can enter a long-term 
management program with quarterly monitoring the first 
year and every 6 months thereafter. a 

Whether due to noncompliance or other factors, diet. d 
often does not reduce plasma cholesterol sufficiently. For — 
example, the Lipid Research Clinics Coronary Primary | d 
Prevention Trial reported only a 4.8% decrease in total — 
plasma cholesterol in patients undergoing dietary thera- 

































Fatty cuts of beef, lamb, pork, spare 
ribs, organ meats, regular cold cuts, 
sausage, hot dogs, bacon, sardines, roe 
Whole milk (496 fat), regular, evaporated, 
condensed, cream, half and half, 


dairy substitutes 2% milk, imitation milk products, most 
nondairy creamers, whipped toppings 
Nonfat (0% fat) or low-fat yogurt Wnole-milk yogurt 
Low-fat cottage cheese (1% or 2% fat) Whole-milk cottage cheese (4% fat) 
Low-fat cheeses, farmer or pot cheeses All natural cheeses (blue, roquefort, 
(all of these should be labeled no camembert; cheddar, Swiss), low-fat 
more than 2 to 6 g of fat per ounce) or "light" sour cream, cream cheeses, 
pue sour cream 
ese | Sherbet, sorbet Icecream 
. Eggs Egg whites (2 whites equal 1 whole egg Egg yolks 
D in recipes), cholesterol-free egg 
NN substitutes 
Fruits and vegetables Fresh frozen, canned, or dried fruits Vegetables prepared in butter cream, 
pna e * and vegetables or other sauces 
^.. Breads and cereals Homemade baked goods using unsatu- Commercial baked goods, pies, cakes, < ne 






















Rice, pasta 


multigrain, etc) 


p Fats and oils Baking cocoa 
above, diet margarine 


Aow-fat. dressings: 
_ Seeds and nuts 


rated oils sparingly, angel food cake, 
low-fat crackers, low-fat cookies 


Whole-grain breads and cereals 
(oatmeal, whole wheat, rye, bran, 


Unsaturated vegetable oils, corn, olive, 
rapeseed (canola oil), safflower, 
sesame, soybean, sunflower 

Margarine or shortenings made from 
one of the unsaturated oils listed 


Mayonnaise, salad dressings made with 
unsaturated oils listed above, 
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doughnuts, croissants, pastries, muffins, 
biscuits, high-fat crackers, high-fat cookies. 
Egg noodies 
Breads in which eggs are a major 
ingredient 


Chocolate 
Butter, coconut oil, palm oil, palm 
kernel oil, lard, bacon fat 


Dressings made with egg yolk 


.  Cocomt - 














LDL cholesterol. - uu. ud ELE 
"goal. achieved. = nn 







3 LoL chesierat - 
goal not not achieved. 


LOL: cholesterol —— 
. . 180-189 mg/dl : 
—b-if(0) CHD. and 
10) 2 risk. 
factors 


. approaches 


LDL cholesterol -. Review medical history 


2190 ue l Consider drug treatment 

»160 mg/dl in addition to diet 

if ( -) CHD or 

{+} 2 risk Select drug o fest choice — 
factors 


in 4 to 6 weeks and at 
3 months 


LOL cholesterol 
goal not achieved veee- 





py.! Other studies have documented more positive results. 
A study in patients with peripheral vascular disease! 
showed an 8% reduction of total cholesterol, a 7% de- 
crease in LDL cholesterol, and a 9% increase in HDL 
cholesterol at year 1 in patients following the American 
Heart Association diet. Irrespective of study findings, the 
National Cholesterol Education Program recommends a 
6-month period of intensive dietary therapy unless the 
patient has severely elevated LDL cholesterol (7225 mg/ 
dl) or has definite CAD. Other life-style modifications, 
such as cessation of smoking and initiation of an exercise 
program, also should be used to reduce cholesterol. If 
nonpharmacologic measures fail to control plasma cho- 
lesterol, drug therapy should be initiated; however, as the 
National Cholesterol Education Program has reiterated, 
pharmacotherapy is an adjunct to dietary therapy and 
not a replacement for nonpharmacologic cholesterol re- 
duction (Fig. 3). 



















_.. PHARMACOLOGIC THERAPY TO REDUCE 

-  -HIGH PLASMA CHOLESTEROL 

- -Drug therapy should be considered in adults in whom 
z dietary treatment is unsuccessful (LDL cholesterol = 190 
mg/dl). In patients with definite CAD or 2 other risk 
tors, drug therapy may be instituted if diet fails to 
educe LDL cholesterol to <160 mg/dl. The goals of 
macotherapy are the same as those of dietary thera- 
py: reduction of LDL cholesterol to <160 mg/dl or to 
g/dli in patients with CAD or 2 other risk factors. 
'hese are minimal goals. Because CAD risk relates pro- 
onately to cholesterol levels, attainment of lower lev- 








Maximize Vonphsmiscdiegic —- Dense total 
: . Cholesterol annually. 
Monitor overall coronary . 
risk status. Individualize 
— preventive treatment. — — 
. Consider low-dose bile acid 
sequestrants. 


Remeasure LDL cholesterol -—9LDL cholesterol ped every 4 months 
goal achieved —À Remeasure LDL 


Use another drug 


or combination 

treatment | 
Consult or refer 
to lipid specialist 
if drug treatment bmn goal not 
is not successful 


p sma total cholesterol and LDL , cholesterol i is — 








# monitoring. . ^; 7 

























Monitor total 
cholesterol 


cholesterol 
annually 


LOL 
cholesterol 


achieved 





has failed to decrease LDL cholesterol values satisfactori- 
ly, should be evaluated on an individual basis: Many 
experts believe that cardiovascular risk in patients with — 
CAD in whom nonpharmacologic measurements have — 
not reduced LDL cholesterol to «130 mg/dl dictates _ 
initiation of drug therapy. | e 
The practitioner is offered a variety of cholesterol- 
reducing medications (see "Drug Therapy and the Pre- 
vention of Atherosclerosis in Humans," page 3G). 
When selecting an agent, it is important to view hyper- 
cholesterolemia as a chronic illness. The patient may need 
to continue on a therapeutic regimen for an indefinite 
period of time; therefore, patient tolerance and compli-  __ 
ance, as well as efficacy, are critical factors in the success- 
ful pharmacologic management of cholesterol. 


CONCLUSION S 

The evidence that reducing cholesterol levels in gener- E 
al, and LDL cholesterol values in particular, decreases — 
the risk for CAD mandates that practitioners evaluate - 
and classify each patient's cholesterol profile and assess | 
individual risk. The National Cholesterol Education Pro- 
gram's guidelines provide a framework for decision-mak- i 
ing regarding therapeutic intervention. | 

In patients without significant risk, diet Heap is ; the 
first-line approach. If diet modification fails to reduc 
cholesterol levels adequately after 6 months, conside 
ation should be given for pharmacologic treatment. | 

Although the guidelines represent significant prog 
in terms of seducing 1 CAD andi its $ associated morta Ly 
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" Marker of Reverse Cholester r iT rans; zu 





Dramatic advances have been made over the last 


decade in understanding the role of low-density li- 
poprotein (LDL) in atherosclerotic cardiovascular 
diseases and how to manage elevated levels of LDL 
cholesterol. Understanding the role of high-density 


vs s - lipoprotein (HDL) and how to intervene therapeuti- 
0 cally in HDL action offers the possibility of even 
|. greater benefits. Epidemiologic studies have shown 


z inverse relation between HDL. cholesterol 





D and the risk of coronary artery disease (CAD). 


^: Whereas several subfractions of HDL can be identi- 
fied, none convincingly offers better predictive val- 
ue than total HDL. cholesterol. Apolipoprotein A-I, 
the major apolipoprotein of HDL, also is inversely 
related to atherosclerotic risk. Unfortunately, mea 
surements of HDL cholesterol or apolipoprotein A-l 
are considerably less precise and less accurate than 
- measurements of total or LDL cholesterol. The bio- 
logic phenomena responsible for these epidemiolog- 


ic relations are not yet clear. Moreover, several ap- 


--.. parently contradictory observations and puzzling 


exceptions to the simplistic inverse relation of HDL 
cholesterol to CAD suggested by epidemiologic 
studies have created considerable confusion. The 
current confusion is not likely to be resolved until 
HDL metabolism and the cellular and molecular 
events responsible for the apparent protective ef- 
fects of HDL are better understood. One current 
hypothesis that could explain the protective effects 
of HDL is that it mediates reverse cholesterol trans- 
port, the process by which cholesterol is removed 
from sites of deposition and delivered to the liver 
for excretion. 

From the standpoint of current therapy, each in- 


... tervention that changes HDL cholesterol levels 


i must be evaluated individually, on its own merit, in 


à D : :. light of its effect on atherosclerosis and coronary 
- events rather than on alterations in HDL cheeses 
—.. levels. Until further information is available, mea 


_ sures that raise HDL cholesterol, such as weight 
loss in exercise, may be duce HDL but k and pru- 
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contribution of several major lipoprotein classes, 
including very low density, low-density (LDL) and 


Loss total serum cholesterol is comprised of the ses 


high-density (HDL) lipoproteins. Current investigation | 
suggests that considerable heterogeneity exists even 
among lipoproteins within each class and that each class . 
may be further divided into distinct subfractions. Hetero- 
geneity among and within the major lipoprotein classes 
can be found not only in particle structure, but also in 


metabolism, and most important, in function. Lipopro-. - 


tein structure and function now appear considerably ee 
more complex than earlier anticipated. i n 


The role of various lipoproteins in accelerating or re- e 
tarding the atherogenic process is an area of considerable ^ 


progress and excitement. During the last decade, dramat- 
ic advances have been made in understanding the role of 
LDL in atherogenesis and therapeutic intervention. Un- 


fortunately, our understanding of HDL is still rudimenta- 
ry compared with what is now known about LDL. More- 
over, the paradigms that explain LDL function and me- 


tabolism are not necessarily applicable to understanding 
HDL. 
HDL and LDL differ not only in structure but also in 


function and metabolism. Differences can be identified in... 
almost every area of investigation from theepidemiologic — 
to the molecular. On a more positive note, however, we 


can expect that better understanding of HDL will result — 
in as great or greater therapeutic potential as has resulted 
from advanced understanding of LDL. A brief review of 
the role of HDL in the atherogenic process may clarify 
the relation between HDL and coronary artery disease 


(CAD). Furthermore, one hypothesis that is presented |. 


permits reconciliation of apparently contradictory data. 


ROLE OF HIGH-DENSITY LIPOPROTEIN 
IN ATHEROGENESIS SUR 
That HDL has a role in atherogenesis was suggested. 


by early longitudinal! and cross-sectional epidemiologic |. : 


studies% and more recently by the Lipid Research Clin- 


ics Prevalence Follow-Up Study.* In middle-aged men in... : 
this country, overall cardiovascular mortality and CAD us 
mortality are inversely related to. circulating levels of —.— 


HDL cholesterol. Patients with levels in the upper tertile 
percentile are considerably less likely to have a coronary _ 
event than those with levels in the lower tertile (Fig. 1). 
Moreover, HDL cholesterol L appears 1 to o bave itdepenem oe 





















Mortality Rate (per 1,000) | an is & ] 





-ing HDL cholesterol levels associated with decreased 

risk. This relation has been observed in several different 
populations," suggesting that all that is necessary to 
prevent further CAD is to increase HDL cholesterol lev- 
.. els. Such a conclusion is undoubtedly too simplistic and 
could be misleading therapeutically for at least 3 reasons: 
First, observational epidemiologic studies do not establish 
cause-and-effect relations. Second, no clinical interven- 
tion trials have examined the effects of modifying HDL 
. cholesterol alone on CAD events. Moreover, available 
. data suggest that not all interventions that modify HDL 
‘cholesterol levels will have the same effect on clinical 
outcomes. Third, observations in at least 3 disciplines— 
epidemiology, genetics and therapeutics—have revealed 
-exceptions to the general inverse HDL cholesterol to 
CAD relation and suggest that measurements of HDL 
. Cholesterol may not adequately reflect the role of HDL in 
2 Preventing atherogenesis. 


l EPIDEMIOLOGIC STUDIES OF THE RELATION 
BETWEEN HIGH-DENSITY LIPOPROTEIN AND 
RISK FOR CORONARY ARTERY DISEASE 

n the area of epidemiology, surveillance studies con- 
ducted concurrently by the Lipid Research Clinics pro- 
. gram in Moscow and Leningrad under the same rigidly 
. controlled protocol as in the United States indicate that 
- increasing HDL cholesterol does not predict a decreased 
k for premature CAD. In fact, results demonstrated 










và at elevated HDL cholesterol is associated with an in- 


-crease in overall mortality. Middle-aged Russian men 
with HDL cholesterol above the 80th percentile have 
considerably greater overall mortality and are approxi- 
mately 1.5 times more likely to die of a coronary event 
: than those. with levels below the 20th percentile (Fig. 2). 










showed that high HDL levels offered no protection in 





tivariant analysis, allowing for the contribution of 
., hypertension and cigarette smoking to CAD risk, 


Causes of Death 
Total = © 
CVD = A 
CHD 










Med 
Tertiles of HDL-C 


Low High 


is tempting to attribute the i increase in HDL cholesterol” B 
and overall mortality rate, despite higher HDL cholester- — 
ol levels, to greater alcohol consumption, this hasnotbeen — 
clearly established. The relation of LDL cholesterol to — 
CAD in the Russian Lipid Research Clinics study is also — 
anomalous because CAD risk in that population in- — — 
creases not only with LDL in the highest quintile but also 
with LDL in the lowest quintile.? The reasons for these 
anomalies and whether they are related are unknown. E 


GENETIC DISORDERS OF HIGH-DENSITY 
LIPOPROTEIN AND CORONARY 
ARTERY DISEASE 

In addition to epidemiologic studies, observation. in 
families with genetic disorders resulting in altered HDL 
cholesterol levels reveal further exceptions to the general. 
inverse relation of HDL to CAD risk. Table I lists genetic 
disorders resulting in reduced circulating HDL cholester- ` 
ol? Although 3 of these reduced HDL disorders are asso- 
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dle-aged Russian men, although the adverse impact [5s 
















K2. p 
le homozygous 156 6 0 ++ 
^ “heterozygous 131 33 71 +/0 
Tangier’s disease 
‘|. ‘homozygous 69 2 0-2 +/0 
heterozygous 168 27 60 0 
Ad (Milano) 208 11 13 0 
Fish-eye disease 
homozygous | .207 7 38 0 
heterozygous 238 38 — 
Familial 
hypoalphalipo- 
proteinemia 165 26 — ++ 
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Apo At = = apolipoprotein A 
lipoprotein cholesterol; TC = total cholesterol; + = noted before age 60 years; ++ = 
noted oe age 50 years; O = = not present. 

om osis.? 













A-k; CAD = coronary artery disease; HDL-C = high-density 







ciated with predictably increased incidence of premature 
CAD, 2 are not, despite very low HDL cholesterol levels. 

Three distinct genetic disorders resulting in increased 
HDL cholesterol levels have recently been recognized!? 
(Table II). In 1 of these disorders, the high levels of HDL 
do not protect against CAD. 


IMPACT OF NONPHARMACOLOGIC AND 


PHARMACOLOGIC INTERVENTION ON THE 


.- INVERSE HIGH-DENSITY LIPOPROTEIN- 





CORONARY ARTERY DISEASE RELATION 
Nonpharmacologic effects: In the area of therapeu- 
tics, additional exceptions to the general inverse HDL 
cholesterol-CAD relation exist. Fat-restricted diets, rela- 
tively enriched in polyunsaturated fatty acids, have been 


advocated for the prevention of CAD.!! Intervention tri- 
als!2-13 using these diets, while not definitive, have yielded 
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Adapted from Am J Cardiol? Wr a. 










results quantitatively consistent with more definitive drug - 
trials.!^ Despite the action of high polyunsaturated fatty 
acids to reduce both LDL and HDL cholesterol (Fig. 
3), such diets appear to reduce CAD events. | 

Pharmacologic effects: Similarly, pharmacologic i in- 


terventions also have yielded apparently exceptional re- _ z 


sults. Some pharmacologic agents that increase HDL | 


cholesterol, such as nicotinic acid!6 and fibric acid deriva- r S : 


tives, decrease coronary events. Other agents, such as _ 
probucol, that reduce HDL cholesterol appear to have a 
favorable influence on lipid deposition.!5-?? Figure 4illus- 
trates the effects of probucol treatment on cutaneous... 
xanthoma in a patient with familial monogenic hypercho- 


lesterolemia reported by Yamamoto et al.!® Treatment. _ * 
produced not only a decrease in both HDL and LDE. 


cholesterol, but also partial resolution of tendinous xanth- 
oma. 
Similarly, Matsuzawa et al!®!8 reported that the rate 


of xanthoma regression in 11 patients with familial hy- 
percholesterolemia who received probucol is highly corre- 
lated with the decrease in HDL cholesterol but not vith us 


changes in LDL cholesterol. vr 
In summary, circulating levels of HDL cholesterol a are SS 
inversely related to the risk of premature CAD in most 
untreated populations. Notable epidemiologic, genetic 
and therapeutic exceptions to this general rule exist, sug- 
gesting that the relation of HDL cholesterol to atherogen-. 
esis is not as simple as one might have hoped. | 
Based on these observations, 2 questions can be raised: —. 
(1) Why do some lipoproteins (LDL and intermediate- — 
density lipoprotein) cause atherosclerosis while others — 





(HDL) prevent it? (2) How can we reconcile the appar- 
ently conflicting observations regarding HDL? 

The answer to these questions might be found by 
examining the function, not just the levels, of the various 
lipoproteins. 


FUNCTION OF HIGH-DENSITY LIPOPROTEIN 
AND ITS SUBFRACTIONS 

The principal function of serum lipoproteins is to 
transport lipids. All lipoproteins are spherical particles 
comprised of a phospholipid and apolipoprotein surface 
layer surrounding a core of cholesteryl ester and triglyc- 
erides.2!?? They can be thought of as miniature Federal 
Express packages with cholesterol as the contents, phos- 
pholipids as the envelopes, and apolipoproteins as the 
addresses. 

Clearly, however, not all lipoproteins function the 
same. Two important differences between HDL and 
LDL are relevant to answering the 2 questions posed. 
First, the addresses of the lipoproteins are different. LDL 
contains only apolipoprotein B, which directs its delivery 
to specific cell receptors. HDL contains 2 major apolipo- 
proteins, A-I and A-II, in varying amounts. These apoli- 
poprotein addresses appear to direct HDL to sites differ- 
ent from those of LDL.???4 

Second, on delivery, LDL is taken up by the cell and 
catabolized, releasing its cholesterol contents.?? In con- 
trast, HDL selectively delivers cholesteryl esters, but the 
particle is not taken up by the cell.?5:26 Rather, the HDL 
particle, after delivering its cholesterol load, is released 
back into the circulation, to go back to the periphery to 
collect more cholesterol. 

Moreover, not all HDL particles are the same. Con- 
siderable structural heterogeneity exists among lipopro- 
tein particles in the HDL density range. HDL subfrac- 
tions can be distinguished by at least 4 criteria: (1) 
physical properties, (2) apolipoprotein content, (3) epide- 
miologic relation, and (4) function. It has become appar- 
ent that not all HDL particles possess the same apolipo- 
proteins. Some possess only apolipoprotein A-I, while 
others possess both A-I and A-II.? Recent observations 
suggest that these 2 types of HDL particles function 
differently.?* 

Early centrifugal studies?? indicated that HDL could 
be divided into 2 major classes, HDL, and HDL;3, on the 
basis of flotation rate. Subsequent studies have shown 
that HDL can be further subfractionated, notably by 
density gradient ultracentrifugation and polyacrylamide 
gradient gel-electrophoresis, indicating further heteroge- 
neity (Fig. 5).?? The latter procedure identifies at least 5 
types of HDL particles. Moreover, the various procedures 
for subfractionating HDL do not identify the same 
unique subfractions. For instance, HDL particles con- 
taining only apolipoprotein A-I are not necessarily found 
in any single-density subfraction. Furthermore, the func- 
tional difference of the various subfractions are not yet 
fully understood. This apparent structural and functional 
heterogeneity of lipoproteins found in the HDL density 
range may be responsible for the complexity of the rela- 





FIGURE 4. Effects of probucol treatment on achilles tendon 
cutaneous xanthoma in a patient with familial monogenic hy- 
percholesterolemia. (Reproduced with permission from Am J 
Cardiol.!9) 


tion of total HDL cholesterol to CAD. Specifically, the 
inverse relation between HDL and CAD may reflect the 
action of only 1 HDL subfraction, which sometimes var- 
ies independently of changes in total HDL cholesterol. 

Numerous investigators have attempted to determine 
if measurements of the major HDL subfractions offer 
better predictive value than total HDL. Differences in 
HDL, levels generally appear to account for most of the 
interindividual differences between total HDL in men 
and women,?! in physically active and sedentary per- 
sons,? but not in those who consume or abstain from 
alcohol.?? With few exceptions, however, analyses of the 
major HDL subfractions, HDL, and HDL.;, do not offer 
better predictive value than the measurement of total 
HDL cholesteroP?^ and are considerably more difficult to 
perform, expensive and inaccurate. 

There are several hypotheses that might explain the 
apparent antiatherogenic action of HDL. (1) Studies by 
Tauber et al?? and Darbon et al*° have shown that HDL 
promotes endothelial cell growth in culture. (2) Studies 
by Spector et al?” have shown that HDL promotes prosta- 
cyclin production by endothelial cells and may therefore 
be antithrombotic. (3) More recently, several investiga- 
tors have emphasized the inverse relation between fasting 
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A SYMPOSIUM: LIPID DYNAMICS AND ATHEROSCLEROSIS 
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FIGURE 5. Analysis of high-density 
ugation; and C; polyacrylamide gradient gel 


TABLE Ill Five Steps of Reverse Cholesterol Transport 


Cell cholesterol efflux 
Cholesterol trapping by esterification 


Cholesterol transfer 
Hepatic uptake 
Biliary excretion 





HDL cholesterol and postprandial lipemia.**° The high- 
er the HDL level, the less lipid levels increase after a 
meal. If postprandial lipoproteins are more than usually 
atherogenic as suggested by Zilversmit,*° keeping them 
low may be an important antiatherogenic step. 


REVERSE CHOLESTEROL TRANSPORT OF 
CHOLESTEROL BY HIGH-DENSITY 
LIPOPROTEIN 

Whereas each of these hypotheses may prove impor- 
tant, currently, the most attractive hypothesis consistent 
with all the information available is that HDL promotes 
reverse cholesterol transport.*!:42 This process, first sug- 
gested by Glomset^ and recently demonstrated in vitro 
by Fielding et al,*4 is believed to be responsible for remov- 
al of cholesterol from the arterial wall and subsequent 
delivery to the liver for excretion. Thus, in contrast to 
LDL, which delivers cholesterol to macrophages and oth- 
er cells of the arterial wall, HDL may remove that choles- 
terol or prevent its accumulation, or both. Some lipopro- 
teins, such as LDL, are atherogenic because they deliver 
cholesterol to the arterial wall, whereas others, HDL or 1 
of its subfractions, are antiatherogenic because they re- 
move that cholesterol. Furthermore, examining the re- 
verse cholesterol transport hypothesis also suggests why 
numerous exceptions may exist to the general inverse 
relation between HDL cholesterol and CAD. 
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lipoprotein (HDL) by different 
-electrophoresis. 


Relative Size 
0 (polyacrylamide gel) 


2a 3a 3b 3c 
Qus Normal 
HDL Subpopulations 







: A; analytic ultracentrifugation; B; zonal ultracentrif- 


methods: 
(Reproduced with permission from Clin Chem.*°) 


Conceptually, reverse cholesterol transport can be di- 
vided into 5 steps (Table III). The reverse cholesterol 
process is shown schematically in Figure 6. According to 
this hypothesis, cholesterol is removed from macrophages 
and other cells within the arterial wall by an HDL-medi- 
ated process. Some evidence indicates that apolipoprotein 
A-I only or pre-6-migrating HDL particles are particu- 
larly effective in the removal process. Cholesterol taken 
up by HDL is prevented from reentering the cell by 
esterification. HDL particles are the intravascular site of 
cholesterol esterification, and apolipoprotein A-I is a co- 
factor for this enzymatic activity.^ Cholesteryl ester, 
now bound to HDL, is delivered to the liver. Several 
pathways could mediate this delivery. First, cholesteryl 
esters may be transferred from HDL to apolipoprotein B- 
containing lipoproteins by the action of cholesteryl ester 
transfer protein. Such transferred cholesteryl ester 
would then be taken up by hepatic LDL receptor-mediat- 
ed endocytosis, while sparing the HDL particle for fur- 
ther transport. Second, HDL particles may accumulate 
apolipoprotein E and be taken up by hepatic apolipopro- 
tein E receptors. Third, cholesteryl esters may be selec- 
tively taken directly from HDL by the liver with return of 
the HDL particle to the circulation for further cholesterol 
transport. 

The existence of selective cholesteryl ester uptake 
from HDL is illustrated in Figure 7. In the study,” HDL 
labeled with 3H-cholesterol oleate, was incubated for up 
to 20 hours with cells, and the number of HDL particles 
metabolized was estimated by measurements of the 
amount of HDL protein bound and degraded. The 
amount of cholesterol that would be delivered to the cells 
if HDL particles were taken up during the delivery pro- 
cess is indicated as equivalent cholesteryl ester. In con- 
trast, the amount of cholesterol actually taken up by the 
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FIGURE 6. Reverse cholesterol transport. ApoE = 
sity lipoprotein; HPL = hepatic lipase; LCAT = lethicin:cholesterol 


cells from HDL at 20 hours, is over 30 times more than 
what was predicted on the basis of particle uptake alone. 
Thus, HDL cholesteryl ester appears to be selectively 
taken up by some cells, releasing the HDL particle for 
further cholesterol transport. 

This hypothetic reverse cholesterol transport pathway 
may offer another explanation for the numerous excep- 
tions to the general inverse relation of HDL to CAD. 
Specifically, HDL mediates reverse cholesterol transport, 
but the rate of cholesteryl ester transport by the process is 
not necessarily reflected by HDL levels. Under ordinary 
circumstances, the number of HDL particles in the circu- 
lation reflects cholesterol flux rates, but under exception- 
al circumstances, the usual direct relation between levels 
and flux do not hold. An analogy can be drawn between 
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apolipoprotein E; CETP = cholesteryl ester transfer protein; HDL = high-den- 
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reverse cholesterol transport and autos with passengers 
traveling on interstate highways. There may be many 
cars on the highway with only 1 passenger in each car 
(i.e., lots of HDL, but movement is distressingly slow). In 
contrast, with only a few autos, each carrying a large 
number of choksterol passengers, cholesterol movement 
may be much more rapid. 

Finally, a note of caution regarding the reliability of 
HDL measurement, which is currently not nearly as ac- 
curate as that of total or LDL cholesterol. As summa- 
rized in Table IV, the coefficient of variation in HDL 
measurements :s greater than twice that of total choles- 
terol.4 This is ` factor that may lead the National Cho- 
lesterol Education Program Adult Treatment Panel to 
recommend thet HDL ratio not be used as a means of 
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„estimating risk.4849 With this large of an error in the 
denominator, the uncertainty in the ratios is great. 


CONCLUSION 
Several apparent contradictions to the inverse relation 
between HDL cholesterol and the risk of CAD have 
created confusion regarding the efficacy of increasing 
HDL cholesterol levels. Some populations with high 
HDL levels do not have low CAD risk, and within some 
populations, HDL is not inversely related to CAD risk. 
Not all genetic disorders characterized by low plasma 
levels of HDL cholesterol are associated with accelerated 
CAD, while some genetic disorders causing high HDL 
levels are. It is also clear that some therapeutic interven- 
tions that reduce HDL cholesterol confer protection. This 
confusion may not be resolved until the metabolism of 
HDL is further elucidated and the cellular and molecular 
events responsible for the protective effects better de- 
fined. HDL may indeed function directly to prevent or 
reverse atherosclerosis. Alternatively, HDL may be a 
secondary marker for a more directly associated athero- 
genic event, such as higher levels of postprandial lipemia. 
HDL may mediate reverse cholesterol transport, re- 
moving cholesterol from sites of deposition and delivering 
it to the liver for excretion. Considerable in vitro evidence 
suggests that HDL enhances efflux of cellular cholesterol 
and delivers cholesterol to the liver. Moreover, the rate of 
reverse cholesterol transport need not always be reflected 
by measurements of HDL cholesterol, since HDL choles- 
terol may be metabolized independently of other HDL 
constituents. Thus, under some genetic and environmen- 
tal circumstances, the inverse relation between fasting 
GG HDL cholesterol and risk of CAD may not be valid. 
- Interventions that alter HDL cholesterol levels should 
--. be evaluated individually, emphasizing the effect on ath- 
 erosclerosis and coronary events. Until further informa- 
tion is available, measures that reduce HDL but show 
enefit should not be withheld. Clinically, some pharma- 
. cologic agents, such as probucol, may reduce HDL cho- 
A leste: al buta reduce CAD risk through a specific mecha- 
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(LDL) may become very atherogenic if it undergoes 
- <a- cell-mediated oxidative modification within the 
arterial wall. Recently, several lines of evidence 
have been reported that indicate that such oxida- 
tive reactions occur in vivo and that oxidized LDL 
accumulates in lesions. In addition, it has been 
shown that treatment of spontaneously atheroscle- 
rotic Watanabe heritable hyperlipidemic rabbits 
with probucol, a very potent antioxidant, inhibits 
formation or progression of early lesions, suggest- 


-ing a pathogenic role for oxidized LDL in athero- 


genesis. 


(Am J Cardiol 1989;64:18G-22G) 





X linical studies have shown that increased levels 
of low-density lipoprotein (LDL) in plasma con- 
tribute importantly to the pathogenesis of athero- 
sclerosis!-?; however, the precise mechanisms at play in 
the arterial wall by which high plasma LDL levels lead to 
lesion formation remain undetermined. Studies using cul- 
tured macrophages suggest that LDL must first undergo 
modification in some way to accelerate its uptake into 


cells in order to produce the massive cholesterol accumu- 
lation seen in macrophage-derived foam cells in athero- — 
sclerotic plaques in vivo.+7 One way that accelerated _ 
cellular uptake of LDL can occur is through cell-mediat- — 


ed or metal ion-mediated oxidative modification of 
LDL.5-? Recent investigation has provided 4 lines of 
evidence that oxidative modification of LDL may indeed 
occur in vivo.!^-16 First, the antioxidant probucol inhibit- 
ed macrophage uptake of injected native LDL. Second, 
aortic lesions in Watanabe heritable hyperlipidemic - 
(WHHL) rabbits could be immunostained using anti- 
bodies specific to protein-lipid adducts that are present in 


oxidatively modified LDL. Third, LDL extracted from... 
human and rabbit lesions reacted in Western blot analy- —— 
sis with antibodies to oxidized LDL and with antibodies. __ 


specific to protein adducts that are likely to form when = 
LDL undergoes oxidative modification. Fourth, autoanti- 

bodies that react with malondialdehyde (MDA)-conju- 
gated LDL, 1 of the adducts formed during oxidative 
modification, are present in sera of humans and rabbits. 


OXIDATIVE MODIFICATION OF 
LOW-DENSITY LIPOPROTEIN 


In vitro observations show that 3 major cells in the 


arterial wall—endothelial cells," smooth muscle | 
cells’! and macr ophages!'"!—are able to modify 


LDL toa form recognizable by “scavenger’ ’ receptors on ^. 
macrophages. The scavenger receptors. recognize modi- 
fied but not native LDL. Although the precise chemical 
mechanisms are unknown, these cells are able to generate- 


active oxygen species, which can induce lipid peroxida- 
tion and lead to the breakdown of apolipoprotein B. Fi 
ure 1 indicates several pathways € DL by arier | 
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ed by apolipoprotein B fragments generated during the 
oxidative breakdown of intact apolipoprotein B. 

The second way oxidatively modified LDL may be 
atherogenic is by being chemotactic for monocytes, there- 
by potentially serving to recruit monocytes (the precursor 
cell to tissue macrophages) into the subendothelial space. 
Quinn et al!? showed that most of the chemotactic activi- 
ty associated with oxidized LDL was in the lipid fraction, 
and identified lysophosphatidylcholine as one of the prin- 
cipal chemotactic components.?? These investigators!? 
also showed a third way in which oxidatively modified 
LDL might contribute to atherogenesis by finding that 
oxidized LDL inhibits chemotaxis of macrophages. Thus, 
after the phenotypic modulation of a monocyte into a 
macrophage occurs in the artery, the presence of oxidized 
LDL may serve to retain the macrophage within the 
arterial wall. | 

A fourth way in which oxidatively modified LDL may 
be atherogenic is by way of cytotoxicity.!911.2122 Oxi- 
dized LDL, and in particular the lipid fraction of oxidized 
LDL, is cytotoxic to a variety of cells, including endothe- 
lial cells.2324 Thus, oxidized LDL may contribute to the 
loss of endothelial cells that has been observed on the 
surface of established fatty streaks,? and promote fur- 
ther infiltration of lipoproteins and circulating monocytes 
and platelets, setting the stage for the evolution of the 
advanced atherosclerotic plaque. 


ANTIOXIDANT PROPERTIES OF PROBUCOL 

Oxidative modification of LDL by cells or by metal 
ions can be inhibited by antioxidants such as vitamin E 
and butylated hydroxytoluene.!%!!,26 The lipid-lowering 
drug probucol is chemically related to butylated hydroxy- 
toluene, and its structure closely resembles 2 butylated 
hydroxytoluene molecules back to back, joined by an S- 
C-S bridge (Fig. 2). Probucol is very lipophilic and, in 
plasma, is found almost exclusively in lipoproteins, most- 
ly in the LDL fraction.?’ 





Foam cells 


Parthasarathy et al? determined that probucol pos- 
sessed potent antioxidant properties. They found that 
when added to culture medium at 5 uM concentration, 
probucol protected LDL from oxidative modification, ei- 
ther by cells or by copper ions. Interestingly, even after 
isolation from plasma, LDL from patients treated with 
probucol at standard dosages was resistant to oxidative 
modification in vitro relative to LDL from untreated per- 
sons. Based on these findings, we initiated a study!^ in 


(CH3)3C 


BUTYLATED HYDROXYTOLUENE (BHT) 


C(CH3)3 


ce 


C(CH3)3 


(CH3)3C 


PROBUCOL 





FIGURE 2. Similarity of chemical structure of butylated hy- 
droxytoluene and probucol. 
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A SYMPOSIUM: LIPID DYNAMICS AND ATHEROSCLEROSIS 


WHHL rabbits to determine if oxidative modification of 
lipoproteins contributes to the progression of atheroscle- 
rosis, using probucol to inhibit the oxidative modification. 
The WHHL rabbit lacks the LDL receptor, and even 
without cholesterol feeding, has high cholesterol levels 
(2500 mg/dl) and develops spontaneous atherosclerosis. 

Methods: One important complication in the design 
of this study was that probucol had been reported to 
reduce cholesterol levels in WHHL rabbits, and we 
wished to test the antioxidant hypothesis, not the efficacy 
of lowering plasma cholesterol levels in reducing athero- 
sclerosis. Therefore, we needed a control group in which 
plasma cholesterol levels were strictly matched with the 
probucol-treated group. To achieve this, littermate 
WHHL rabbits were treated with either probucol (1% by 
weight in chow) or another cholesterol-reducing drug 
lovastatin (initially 5 mg/kg body weight). During the 7 
months of treatment, the dose of lovastatin was titrated to 
maintain the plasma cholesterol levels in this principal 
control group equal to that of the probucol-treated group. 
A third group of littermate rabbits received neither agent 
and served as a second kind of control group. 

Results: As intended, plasma cholesterol levels were 
not significantly different in the probucol- and the lo- 
vastatin-treated rabbits. Both groups maintained some- 
what lower levels than the untreated control rabbits. 

After 7 months of therapy, a significant reduction, 
approximating 50%, in surface area of lesions was ob- 
served in the probucol-treated rabbits, relative to the cho- 
lesterol-matched (lovastatin-treated) control group. This 
reduction encompassed lesion area as well as lesion thick- 
ness and the number of individual lesions. We interpreted 
this reduction in lesion size relative to the cholesterol- 
matched controls as indicating that probucol inhibited 
lesion progression by acting as an antioxidant. Clearly, 
however, this result does not rule out the possibility that 
probucol may have acted through some other mechanism 
to prevent atherosclerosis, but whatever that mechanism 
may have been, it was unrelated to cholesterol reduction. 

To further evaluate the antioxidant hypothesis, LDL 
degradation was measured in lesion and nonlesion sites of 
the atherosclerotic arteries in both treatment groups us- 
ing the trapped-ligand method of Pittman et al.? As 
predicted, the probucol-treated rabbits had lower rates of 
LDL degradation in atherosclerotic lesions than the cho- 
lesterol-matched, lovastatin-treated rabbits. The lova- 
statin-treated rabbits degraded about twice as much 
LDL (per gram of lesion) as the animals receiving probu- 
col. We interpreted this difference to imply that probu- 
col’s antioxidant action had prevented oxidative modifi- 
cation of the native LDL we had labeled and injected and 
thereby prevented the rapid uptake of LDL by macro- 
phages. 

In those areas of the artery that did not contain 
macrophages, i.e., nonlesion areas, the degradation rates 
of LDL were low; more important, these rates were simi- 
lar in both groups of rabbits. This is consonant with the 
hypothesis that the observed difference between the 2 
groups was due to an antioxidant-sensitive uptake by 
macrophage foam cells in the lesions. 
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The results from this study provided direct evidence 
that oxidative modification of LDL occurs in the athero- 
sclerotic artery and that treatment with a potent inhibitor 
of oxidative modification, such as probucol, can reduce 
the size of the atherosclerotic lesions. 

Kita et al? also reported on a small number of 
WHHL rabbits in which probucol inhibited lesion pro- 
gression quite dramatically. However, in this study, no 
attempt was made to match the cholesterol levels of the 
probucol-treated rabbits with the controls, so it was un- 
clear whether the reduction in lesions was related to the 
cholesterol-reducing effect or to the antioxidant effect of 
probucol. 


FURTHER EVIDENCE OF IN VIVO 
OXIDATIVE MODIFICATION OF 
LOW-DENSITY LIPOPROTEIN 

Recently, more direct evidence has been obtained in- 
dicating that lipid peroxidation reactions occur within the 
atherosclerotic artery and that these reactions may oxida- 
tively modify LDL within the artery.!^!é 

Immunostaining of aortic lesions: Peroxidation of 
polyunsaturated fatty acids generates a variety of alde- 
hydes of short to medium chain length.?!?? Two fairly 
abundant aldehydes formed are 4-hydroxynonenal and 
MDA.?233 Both of these are reactive and could potential- 
ly cross-link with apolipoprotein B or other proteins, pre- 
sumably by reaction with the epsilon amino groups of 
lysine residues. In tissues where lipid peroxidation reac- 
tions occur often, one might expect to find proteins cross- 
linked to these aldehydes. 

Steinbrecher et al34 described a method to prepare 
specific polyclonal or monoclonal antibodies to such de- 
rivatives of lysines, using homologous LDL as a hapten. 
Haberland et al!^ used this method to prepare a mono- 
clonal antibody to MDA-derivatized lysines and demon- 
strated immunostaining of atherosclerotic lesions of 
WHHL rabbits with this antibody. The tunica media 
underlying the lesions and nonlesion areas of the artery 
were found not to stain with this antibody. Similarly, 
Palinski et al!6 described immunostaining of atheroscle- 
rotic lesions of WHHL rabbits using antisera to MDA- 
LDL and to 4-hydroxynonenal-LDL and a monoclonal 
antibody prepared against delipidated, resolubilized pro- 
tein fragments of copper-oxidized LDL. These investiga- 
tors found that the staining with these antibodies was not 
restricted solely to lesions stained with all 3 antibodies. 
They interpreted this as evidence that lipid peroxidation 
reactions had occurred in the atherosclerotic lesion in vivo 
and had generated these stable lysine adducts on proteins. 

Western blot analysis: Our group has also obtained 
evidence of a more direct kind that the reactive aldehydes 
formed from lipid peroxidation modify LDL in athero- 
sclerotic lesions of humans and WHHL rabbits.!®3> LDL 
was gently extracted from minced atherosclerotic tissue 
and isolated by ultracentrifugation in parallel with plas- 
ma LDL from the same person or rabbit. Strict antioxi- 
dant conditions were maintained throughout, including 
the collection of the human aortic tissues, which were 
obtained from organ donor patients at the time of organ 


explantation. After sodium dodecyl sulfate-polyacrylam- 
ide gel-electrophoresis of lesion LDL and plasma LDL, 
Western blots were prepared using the antibodies to 
MDA-lysine, 4-hydroxynonenal lysine, copper-oxidized 
LDL, and a panel of monoclonal antibodies that recog- 
nize various portions of apolipoprotein B of LDL. These 
analyses indicated that plasma LDL and LDL isolated 
from nonlesion areas of the aorta had a single major 
protein band, representing intact apolipoprotein B, which 
did not blot with antibodies to the aldehyde-lysine deriva- 
tives. LDL isolated from lesions, on the other hand, had 
more extensive breakdown of the apolipoprotein B, and 
blotted with the MDA using specific antibody and 4- 
hydroxynonenal specific antibodies, providing presump- 
tive evidence that oxidative modification of the LDL had 
occurred within the lesion in vivo. 

Autoantibodies in sera: Because previous studies had 
indicated that even relatively minor modifications of 
LDL were highly immunogenic even in the homologous 
species, Palinski et al!® investigated the possibility that 
autoantibodies might exist to MDA-LDL. Surprisingly, 
every rabbit and human serum tested had some titer of 
autoantibody against homologous MDA-LDL. The im- 
munoglobulin fractions of 1 human subject and a rabbit 
were further analyzed using solid-phase competitive ra- 
dioimmunoassays. In both cases, various MDA-deriva- 
tized proteins were effective competitors. Palinski et al!ó 
speculated that the wide prevalence of autoantibodies 
against MDA-LDL suggested another mechanism by 
which oxidized LDL may be pathogenic, namely by Fc 
receptor-mediated uptake of immune complexes by mac- 
rophage foam cells. 


CONCLUSION 

Several new lines of evidence suggest that oxidative 
modification of LDL occurs in vivo: the immunostaining 
of aortic lesions with antibodies against oxidized forms of 
LDL, isolation of oxidized LDL directly from atheroscle- 
rotic lesions, and the demonstration of autoantibodies 
against MDA-LDL. These results do not in themselves 
prove a pathogenic role for oxidized LDL, but they do 
provide evidence for its occurrence in vivo. The finding 
that antioxidant therapy slows progression of early ath- 
erosclerotic lesions, however, does provide evidence of a 
pathogenic role for oxidized LDL in atherogenesis. Other 
antioxidants need to be tested in order to confirm this 
theory, and more detailed in vivo studies are required to 
understand what mechanisms are responsible for oxida- 
tive modification of lipoproteins in vivo and in what ways 
modified lipoproteins contribute to the atherosclerotic 
process. 
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Atherosclerosis is conceptually defined as the re- 
sult of a multiplicity of interactive cascades among 
injurious stimuli and the healing responses of the 
arterial wall, occurring concurrently within a hyper- 
lipidemic environment. In this discussion, the in- 
flammatory nature of the disease is emphasized. 
Four aspects of the pathophysiology of atherogene- 
sis are addressed: (1) The role(s) of fluid mechani- 
cal or hemodynamic stresses in the focal initiation 
and/or augmentation of lesions is discussed in 
terms of the influence of shear stress on endothelial 
cellular geometry, compliance, membrane anisotro- 
py (r), low-density lipoprotein (LDL)-receptor ex- 
pression, intracellular potential and replication; (2) 
mechanisms of blood monocyte recruitment to the 
arterial intima, including the roles of chemoattrac- 
tants such as smooth muscle cell-derived chemotac- 
tic factor and oxidized LDL; (3) the alternate or 
“scavenger” receptor pathway of the macrophage 
and its pivotal roles in foam cell formation and 
plaque pathogenesis; and (4) the emerging signifi- 
cance of various lipoprotein modifications, and in 
particular, the oxidative modification of LDL, which 
facilitates the uptake of the cytotoxic oxidized LDL 
via the scavenger receptor, thus providing a non- 
down-regulating mechanism for foam cell formation 
and plaque development. Evidence indicates that 
the antioxidant drug probucol prevents the oxida- 
tive modification of LDL, thereby retarding athero- 
genesis independently of cholesterol reduction. 
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actions among environmental and genetic factors: 

the endogenous cells of the arterial wall, notably 
endothelial and smooth muscle cells; formed elements of 
the blood, particularly monocytes and platelets; plasma 
proteins including low-density lipoprotein (LDL); fibril- 
lary and nonfibrillary connective tissue elements of the 
arterial intima; and fluid mechanical factors. It has be- 
come increasingly important to emphasize the multiplici- 
ty of these interactive cascades, rather than to espouse a 
single facet of plaque etiology and pathogenesis. Thus, 
the time-honored unifocal hypotheses—lipid, thrombo- 
genic, platelet, hemodynamic, smooth muscle, among 
others—are of interest largely in terms of historical per- 
spectives. Conceptually, we may appropriátely consider 
atherogenesis holistically as the result of interactive cas- 
cades among injurious stimuli and the healing responses 
of the arterial wall occurring in a hyperlipidemic and 
dyslipoproteinemic environment, in which a spectrum of 
inflammatory cytokines, including mitogens, chemoat- 
tractants and other humoral factors, play key modulatory 
roles. 

The atherosclerotic plaque consistently exhibits a fo- 
cal topography, which is putative evidence for the impor- 
tance of regional and focal fluid mechanical or hemody- 
namic influences in its initiation, its augmentation, or 
both. How such fluid mechanical signals are recognized 
by the cells of the arterial wall and are subsequently 
transduced to modify their function is an important ques- 
tion in the pathophysiology of atherogenesis. In the same 
context, it also is pertinent to ask how focal fluid mechan- 
ical factors might modify the function of blood compo- 
nents such as monocytes, platelets and lipoproteins, in- 
cluding LDL. For example, do LDL aggregates occur in 
vivo in areas of disturbed flow or turbulence? To what 
extent do flow disturbances facilitate the collision with 
and subsequent adherence of blood monocytes to the arte- 
rial endothelium? 

Another aspect of atherosclerotic plaques deserves 
emphasis. Advanced lesions affect all 3 coats of the arteri- 
al wall. Although intimal fibrofatty thickening is a domi- 
nant feature, the subjacent media is typically thinned, 
whereas the adventitial coat exhibits a triad of changes, 
namely, fibrosis, increased vascularity and a lymphocytic 
infiltrate, which is seen in some 80% of sites.!-? These 
adventitial changes likely represent an autoimmune in- 
flammatory component in the later stages of pathogene- 
sis.! Coupled with the frequent occurrence of granuloma- 
tous foci,?^ these features collectively provide overt mor- 
phologic evidence of an inflammatory component in 


A therogenesis involves complex cascades of inter- 
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FIGURE 1. Side “cut” view of the parallel plate flow chamber used to expose approximately 40 million bovine aortic endothelial 
celis to steady-state laminar shear stresses. Cells are cultured on the polyester sheet and the depth of the flow channel is adjust- 


able to regulate shear-stress magnitude at given flow rates. 


atherogenesis. The inflammatory component is further 
reinforced by the enhanced intimal monocyte-macro- 
phage recruitment seen in both human and experimen- 
tal atherosclerosis, and in dietary-induced hyperlipide- 
mia,5-1^ together with an enhanced endothelial perme- 
ability to plasma proteins.'? 

In a similar context, it is noteworthy that prelesion or 
lesion-prone sites are consistently identifiable in the arter- 
ies of several species by their uptake in vivo of the azo- 
dye, Evans blue. Such lesion-prone sites exhibit: (1) an 
increased endothelial permeability to plasma proteins 
such as albumin labeled with iodine 131 (!?!I), !?!I-fi- 
brinogen, LDL and particulate native ferritin (1 10À); (2) 
an enhanced intimal accumulation of cholesterol; and (3) 
a greater endothelial cell turnover. Additionally, the en- 
dothelium of these lesion-prone sites is relatively thin and 
attenuated, and the surface glycocalyx is some two- to 
fivefold thinner than in adjoining nonlesion-prone sites. 
Monocyte recruitment to such sites is enhanced in the 
presence of hypercholesterolemia.7.16-25 

One further aspect of atherogenesis deserves mention 
in this introductory commentary. There is little or no 
evidence that thrombosis plays a pathogenic role in 
plaque initiation. A number of immunochemical and 
morphologic studies in humans, however, have estab- 
lished that thrombosis does indeed contribute to lesion 
progression. This conclusion is reinforced by a spectrum 
of experimental studies, which have established that 
thrombi, particularly those with a plethora of platelets, 
can be transformed into fibrofatty plaques. This impor- 
tant component of plaque pathogenesis, so often ignored, 
has been the subject of a recent review.”° 

The following is an overview of the pathophysiology of 
atherogenesis, which specifically addresses 4 aspects of 
pathogenesis: (1) the role(s) of fluid mechanical (hemo- 
dynamic) stress; (2) blood monocyte recruitment to the 
arterial intima; (3) the scavenger receptor (acetylated 
LDL) of the macrophage; and (4) the significance of 
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modified, and in particular, oxidatively modified LDL in 
foam cell formation and atherogenesis, emphasizing the 
mechanisms through which the antioxidant drug probu- 
col inhibits the oxidative modification of LDL and thus 
retards atherogenesis. 


FLUID MECHANICAL FACTORS 
IN ATHEROGENESIS 

There is an emerging consensus that focal fluid me- 
chanical (hemodynamic) stresses, reflecting the varying 
geometries of our arterial system, probably account for 
the focal topographic distribution of atherosclerotic 
plaques. It now appears timely to add "geometric risk" to 
the compendium of risk factors contributing to athero- 
genesis and coronary artery disease. Furthermore, geo- 
metric risk factors may well account for the development 
of clinically overt disease in patients in whom other tradi- 
tional risk factors are absent. Specifically, focal hemody- 
namic stresses may enhance the localized intimal accu- 
mulation of LDL, even in the presence of normal or low 
plasma LDL levels, thus contributing to what may be 
called *paradoxical" atherogenesis. 

As part of a collaborative venture with Robert Nerem 
and his colleagues at the Georgia Institute of Technology, 
Atlanta, we have been examining the influence of fluid 
mechanical shear stress on the structure and function of 
vascular endothelium, and the mechanisms by which flu- 
id mechanical signals may be recognized by cells and 
subsequently transduced to modify various functions. 
The system uses a parallel plate channel flow viscometer 
in which confluent cultures can be exposed to steady state 
or oscillatory shear stresses from «1.0 to >80 dynes/cm"?. 
Shear stress is varied by adjusting the channel height. 
High- and low-shear stress chambers are assembled in 
series ensuring that the cells are exposed to the same 
perfusing medium. A third no-shear, no-flow stress 
chamber is included as an additional control. An explod- 
ed view of the viscometer is shown in Figure 1, and the 
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FIGURE 2. Diagram of circulating flow system liesicating the use ef 2 flew charihers bi zorica. Clienteor construction’ iioii | 
microscopic monitoring of bovine aortic endothelial cells throughout high-shear stress exposure time, LR = lower reservoir; 


sc - stress chamber; UR = upper reservoir. 


arrangement of the components is schematically illus- 
trated i in Figure 2. Approximately 40 million endothelial 
cells can be exposed to shear stress in each of the devices. 







e aortic endothelial cells (BAEC) exposed to 
dy-state. shear stresses of 30 to 35 dynes/cm? for 
ing time periods. The influence of shear stress on 
endothelial cell geometry (elongation and orientation) 
een described in earlier reports.?”-29 It is probable, 
basis of such data, that the shape and orientation of 
:elial cells in vivo reflect, at least in part, the shear 
: to which the endothelial cells are exposed. 
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rather to an increased number of !^I-LDL binding sites. 


sites resulting from the exposure of BAEC to high-shear | 

stress is the result of an increase in the number of LDL 
receptors, further binding studies were undertaken using 
125]-IgG-C7, a monoclonal antibody specific for the LD 
receptor. High-shear stress resulted in a saturable specifi 
binding of antibody to BAEC (Fig. 5), while no- or low 
shear stress treatments showed minimal specific binding 
Although the immediate implications of these observa 
tions in terms of atherogenesis need clarification, it is of 
considerable interest. that shear-stress signals can be ree 




















TABLE I Gre Responses of Cultured Endothelial Cells. Der 
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expression of LDL (B/E) receptors. | 
The phosphoinositide system is clearly an important 
component of the cellular second messenger system for 


intracellular signal transduction. Figure 6 displays repre- 


sentative data from ongoing studies, showing that a lami- 
nar steady-state shear stress of 30 dynes/cm? can activate 
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| FIGURE 3. Specific receptor receptor-mediated low-density lipoprotein, 

^ fabeled with iodine 125 (!275I-LDL), degradation and binding at 

4°C. Confluent bovine aortic endothelial cells (BAEC) were ex- 

posed to high-shear stress (HS) (30 dynes/cm?), low-shear 

(LS) («1 dyne/cm?), or no-shear stress (NS) for 24 hours in 
circulating 
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ositide system have tie inp in erm 
lular calcium flux, cytoskeletal function, recep! 
tion, and the regulation of cellular tone. 
The plasmalemmal cellular membrane is. a complex | 
dynamic structure. Changes in its physicochemical struc- 
ture and conformation could, e.g., influence processes | 
such as membrane receptor insertion, or the lateral move- - 
ment of receptor-ligand complexes. The influence of 
high-shear (30 dynes/cm?), low-shear («1 dyne/cm?) . 
and no-shear stress on endothelial cell fluorescence an- 
isotropy was determined using the probes diphenylhexa- 
triene (DPH) and trimethylammonium (TMA)-DPH. | 
With the probe TMA-DPH, which labels only compo- — 
nents of the plasmalemmal membrane, it has been estab- 
lished in paired experiments that membrane fluidity sig- 
nificantly decreases with shear stress. The mean values 
for anisotropy are presented in Table II, where it can be 
seen that anisotropy (r) is shear-stress dependent. . . 
Clearly, then, steady-state laminar shear stress has a 
spectrum of influences on endothelial structure and func- 
tion (Table I). How turbulence, flow reversal or oscilla- - 
tory shear might further modify these phenomena is thè- 
subject of current studies. The findings to date highlight a 
number of avenues through which fluid mechanical (he-. 
modynamic) factors might influence the pathophysiology - 
of the atherogenic process. ut 
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FIGURE 6. Change in intracellular inositol 
triphosphate (IP) levels across time in bo- 
vine aortic endothelial cells (BAEC) ex- 
posed to high-shear stress (30 dynes/cm?) 
relative to BAEC exposed to low-shear 
stress («1 dyne/cm?). Inositol triphos- 
phate was extracted with trichloroacetic 
acid and separated on Ag-1-X8 columns 
using 1 M ammonium formate in 0.1 N 
formic acid. 
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MONOCYTE RECRUITMENT TO 
THE ARTERIAL INTIMA 

We have already alluded to the fact that atherogenesis 
exhibits many of the features of an inflammatory process. 
As progenitors of plaque foam cells, and for a variety of 
other reasons, macrophages recruited to the arterial inti- 
ma have pivotal roles in atherogenesis. Table III summa- 
rizes some of the mechanisms participating in this re- 
cruitment process, which are self-explanatory. Some 
monocyte chemoattractants of particular interest in ath- 
erogenesis are listed in Table IV. Chemoattractant gradi- 
ents across the endothelium and arterial intima are re- 
sponsible for the net-directed migration of blood mono- 
cytes from the circulation to the subendothelial space of 
the arterial intima. Once the blood monocytes have en- 
tered the arterial intima by a process of transendothelial 
migration, they undergo activation differentiation, as- 
suming the structural and functional characteristics of 
macrophages. 

Under normal conditions, a low-grade monocyte re- 
cruitment to the arterial subendothelial space occurs, the 
intimal macrophages serving a useful role in physiologic 
arterial debridement. In atherogenesis, however, this 
monocyte-macrophage recruitment process is greatly en- 
hanced, and the large number of resulting intimal macro- 
phages serve as a major source of the lipid-rich foam cells 
of the atherosclerotic plaque. 

Chemoattractants of particular interest are described 
in Table IV. Smooth muscle cell-derived chemotactic 
factor (SMC-CF) is a peptide produced by arterial 
smooth muscle cells in culture and released into the su- 
pernatant culture medium. Since the first description of 
SMC-CF,?! it has been isolated, purified to homogeneity 
and partially characterized.???? On the basis of its amino 
acid sequences, it appears to be a unique or novel protein, 
having properties that are summarized in Table V. It has 
a high-specific activity, with chemotactic activity in the 





BAEC 


Time (hr) 





107? to 107!? molar range. Its monocyte specificity is 
intriguing, particularly as saturable receptors for the 
SMC-CF can be demonstrated on monocytes but not on 
lymphocytes or neutrophils. Current research efforts are 
devoted to exploring what factors might regulate its tran- 
scription and translation, and to defining its biologic roles 


TABLE Il Influence of Shear Stress on Endothelial Cell 
Membrane Anisotropy 


Treatment Group 


0.1987 0.1939 
0.006617 0.007302 
<---p <0.001---> «---p <0.02---> 


HS = high-shear stress; LS = low-shear stress; NS = no-shear stress; SD = standard 
deviation. 


TABLE Ill Some Mechanisms Participating in the Intimal 
Monocyte Recruitment Process in Atherogenesis 


Monocyte-endothelial contact: abnormal blood flow 

Endothelial attachment: interleukin 1, endothelial leukocyte adhesion 
molecules (ELAMS) 

Monocyte locomotion: transendothelial migration 

Presence of endothelial-intimal chemotactic gradients 

Recognition of gradients; receptors to chemoattractants 

Prolongation of intimal residence time, migration inhibition factors 


TABLE IV Monocyte Chemoattractants of Particular 
Interest in Atherogenesis 


Smooth muscle cell-derived chemotactic factor 
Oxidatively modified LDL 

Swine aortic chemotactic factor 
Endothelial-derived chemotactic factor 





LDL = low-density lipoprotein. 
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TABLE V Selected Characteristics of the Monocyte- 
Chemoattractant, Smooth Muscle Cell Chemotactic Factor 


Low molecular weight 
10 to 12 kD on gel filtration 
15 to 17 kD on SDS-gel electrophoresis 

Monomeric 

Cationic (isoelectric point >10.5) 

Monocyte specific 

Chemotactic and chemokinetic 

Heat stable 

Protease sensitive 

Synthesis inhibited by cycloheximide 

Unrelated to PDGF 

Specific receptors on monocytes, but not lymphocytes nor PMNs 

Unique or novel peptide on basis of amino acid sequences 


PDGF = platelet-derived growth factor; PMNs = polymorphonuclear leukocytes; 
SDS = sodium dodecyl sulfate. 


in vivo. The biologic relation of SMC-CF to other che- 
moattractants, namely, swine aortic chemotactic factor 
and the endothelial cell-derived material, is also being 
examined. Whether hemodynamic shear stress influences 
the production of the endothelial chemoattractant is also 
of considerable interest. 

That oxidatively modified cytotoxic LDL also func- 
tions as a monocyte chemoattractant** is of great interest, 
particularly in view of the important role that oxidized 
LDL plays in the pathogenesis of foam cells and athero- 
sclerotic plaques. The relative specific activities of SMC- 
CF and oxidized LDL have yet to be determined. Al- 
though the classic or native LDL (B/E) receptor plays a 
significant role in cholesterol homeostasis,?? with the cel- 
lular accumulation of exogenous cholesterol its function 
is down-regulated. Furthermore, in animals (Watanabe 
heritable hyperlipidemic rabbits) and in humans where 
the LDL receptor is genetically absent or defective, sig- 
nificant atherosclerosis develops spontaneously and pre- 
maturely. Additionally, the incubation of macrophages 
with even high concentrations of native LDL does not 
result in foam cell formation. Thus, the concept of an 
alternate receptor pathway for the cellular uptake of 
LDL evolved, a pathway that was shown to recognize 
certain chemically modified LDL, including acetylated 
LDL.36.37 










MACROPHAGE SCAVENGER 
RECEPTOR PATHWAY 

Because of the importance of the alternate or “scaven- 
ger” receptor pathway in atherogenesis, the molecular 
biologic characterization of this membrane receptor has 
been a high research priority for several groups. Via et 
al38,39 partially purified the receptor from murine tumors 
produced by injecting the murine macrophage cell line 
P388D1 into syngeneic DBA/2 mice. More recently, 
Dresel et al?? reported the substantial purification of a 
triton-solubilized 250 kDa protein from rat liver that 
bound both malondialdehyde-modified LDL and maleic 
anhydride-modified bovine serum albumin on ligand 
blots. Other important observations have been made by 
Ottnad et al*! and Fogelman et al.4? Most recently, Ko- 
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TABLE VI Selected Roles of the Macrophage in 
Atherogenesis 


Phagocytic-scavenger (intimal debridement) 

Immunologic (antigen processing, lymphocyte activation, complement) 

Secretion of hydrolytic-proteolytic enzymes 

Mitogen secretion (SMC proliferation) 

Lipoprotein catabolism (cholesterol esterification, lipoprotein 
lipase, uptake of modified lipoproteins) 

Generation of reactive oxygen species (lipid peroxidation, 
membrane injury, cytotoxicity) 

Synthesis of biologically active lipids (PGE2, PGl2, TXB2, PAF) 

Chemoattractant generation 

Secretion of ApoE 


ApoE = apolipoprotein E; PAF = platelet-activating factor; PGE = prostaglandin E»; 
PGI» = prostaglandin l2; SMC = smooth muscle cell; TXB2 = thromboxane B». 


TABLE VII Low-Density Lipoprotein Modifications Facilitating 
Uptake by Macrophages 


Acetylation (Ac-LDL) 

Oxidative modification (Ox-LDL) 

Glycosylation (Glyc-LDL) 

Malondialdehyde modification (Mal-LDL) 

LDL aggregates, including phospholipase C modification 





LDL = low-density lipoprotein. 


dama et al? and Kelley et al^' reported considerable 
progress in the isolation and partial characterization of 
the scavenger receptor from bovine liver and lung, and 
rabbit granuloma macrophages, respectively. Kelley et 
al,44 using the rabbit granuloma model as an abundant 
source of macrophage receptor protein, successfully puri- 
fied the 260 kDa protein to homogeneity. The receptor 
has an isoelectric point of 5.8 and a subunit structure of 
60 to 70 kDa, consistent with the receptor having a tetra- 
meric structure. Hopefully, the molecular biologic char- 
acterization of this receptor will soon be complete, which 
will allow probing the factors regulating its transcription 
and translation. Whether there is more than 1 scavenger 
receptor, as has been suggested, is by no means clear at 
present. Furthermore, preliminary studies in our labora- 
tory indicate that experimental alteration of N-linked 
oligosaccharide processing markedly inhibits scavenger 
receptor function. 


MODIFIED LIPOPROTEINS, FOAM CELL 
FORMATION AND ATHEROGENESIS 

There are many ways in which intimal monocyte- 
derived macrophages may participate in or influence the 
atherogenic process (Table VI). With both endothelial 
and smooth muscle cells, macrophages are able to gener- 
ate reactive oxygen species, which play a key role in the 
oxidative modification of LDL. Along with endothelial 
cells, macrophages express the scavenger or acetylated- 
LDL receptor, which incidentally shows no functional 
expression in smooth muscle cells. Nascent or native 
LDL, unmodified chemically, is not recognized by the 


scavenger receptor pathway. In contrast, chemically 


modified LDL, such as acetylated LDL*® has a high 
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FIGURE 7. Electron micrograph of a 28- 
granuloma 


day macrophage foam cell 
from a Watanabe heritable 


affinity for this receptor, which in part, appears to func- 
tion generically as a receptor for the uptake of anionic 
macromolecules. In recent years, it has become increas- 
ingly obvious that LDL can undergo significant chemical 
modification during preparative ultracentrifugation and 
also during storage, after which the electrophoretic mo- 
bility is altered to resemble that of oxidatively modified 
LDL, and its function is analogous to that of acetylated 
LDL. Therefore, some earlier studies purportedly study- 
ing the biology of nascent LDL probably need reevalua- 
tion. Some of the modifications to LDL that facilitate its 
uptake by the macrophage are summarized in Table VII. 
It would appear that LDL aggregates may be taken up by 
macrophages phagocytically, a process at least in part 
mediated through the LDL (B/E) receptor.^ 

It is now clear that the oxidative modification of LDL 
plays a key role in the development of foam cells and in 
atherogenesis.^9^/ The processes involved in the oxidative 
modification are complex and appear to involve various 
components of LDL, including phospholipid, fatty acids, 
cholesterol, and the apolipoprotein itself (see “Role of 
Biologically Modified Low-Density Lipoprotein in Ath- 
erosclerosis," page 18G). In the most simplistic of terms, 
the oxidative modification of LDL converts it to a *rancid 
LDL." Figure 7 shows a transmission electron micro- 
graph of a macrophage-derived foam cell produced in an 
experimental granuloma in a Watanabe heritable hyper- 
lipidemic rabbit in which the LDL (B/E) receptors are 
genetically absent. Clearly, the genesis of this foam cell 
has utilized an alternate (scavenger receptor) pathway 
for lipoprotein uptake. In this context, in the Watanabe 
rabbit, LDL is the principal plasma lipoprotein species, 
whereas in the normal cholesterol- and fat-fed rabbit, 8 
very low density lipoprotein is predominant. When the 
oxidative modification of LDL is prevented by a powerful 
in vivo antioxidant such as probucol, the formation of 
arterial foam cells and atherosclerotic lesions by way of 
the scavenger receptor pathway is greatly retarded.^6 
This inhibition of foam cell and plaque formation is large- 
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ly independent of cholesterol reduction. Oxidatively mod- 
ified LDL may contribute to the atherogenic process by 
way of 4 mechanisms.*6 First, and perhaps most impor- 
tant, the oxidized LDL is recognized by the non-down- 
regulating scavenger receptor of the macrophage, thus 
contributing to foam cell and lesion development; second, 
oxidized LDL is chemotactic for blood monocytes, there- 
by augmenting their recruitment to the arterial intima; 
third, oxidized LDL is cytotoxic^*^? to cells within the 
arterial wall, providing a potential mechanism for cellular 
necrosis and perhaps endothelial injury, which may facili- 
tate the process of thrombogenesis; and finally, oxidized 
LDL appears to function as a migration inhibition factor, 
prolonging the residence time of the macrophages within 
the arterial intima. 


CONCLUSION 

Selected aspects of the pathophysiology of atherogen- 
esis, emphasizing the mechanisms through which local 
fluid mechanical or hemodynamic stresses may influence 
plaque pathogenesis, have been reviewed. Additionally, 
the important phenomenon of arterial intimal monocyte 
recruitment as one inflammatory component of athero- 
genesis has been discussed. The nature of the macrophage 
scavenger receptor pathway has been addressed, with 
emphasis on its pivotal role in foam cell and plaque devel- 
opment. Furthermore, the significance of lipoprotein 
modifications, and the oxidative modification of LDL in 
particular, has been critically reviewed. Oxidized LDL 
clearly plays a key role in atherogenesis, and by prevent- 
ing this oxidative modification with the antioxidant pro- 
bucol, both foam cell and lesion formation are significant- 
ly retarded in vivo. We have emphasized the inflamma- 
tory nature of atherogenesis and the multiplicity of 
interactive injury and healing cascades in plaque patho- 
gensis. 
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Drug Therapy and the Prevention of 
Atherosclerosis in Humans 


H. Robert Superko, MD, FACSM, FAACVPR 


The results of the World Health Organization Coop- 
erative Trial, the Coronary Drug Project, the Coro- 
nary Primary Prevention Trial and the Helsinki 
Heart Study indicate that clinical expression of cor- 
onary artery disease can be delayed with pharma- 
cologic modification of plasma lipoproteins. Change 
in coronary artery disease can be semiquantitated 
by repeat arteriograms. Three randomized clinical 
trials indicate that rate of progression of athero- 
sclerosis, as defined by arteriography, can be re- 
duced, and existing lumen obstruction decreased. 
Tendon xanthomas occur in hypercholesterolemia, 
and reduction in xanthoma size with drug therapy 
suggests an improved atherosclerotic disease state. 
The clinician has a variety of pharmacologic 

therapies available. The role of bile acid-binding 
resins, fibric acid derivatives, hydroxymethylglu- 
taryl coenzyme A reductase inhibitors, nicotinic 
acid and antioxidants is each unique. Understand- 
ing the role of lipoproteins in atherosclerosis will 
help in selecting the most appropriate therapy for 
each individual patient. Medications not designed 
for their lipoprotein effects can significantly alter 
lipoproteins. Medications, such as nonselective 8 
blockers, can alter low-density lipoprotein (LDL) 
subclass distribution with no change in LDL choles- 
terol content. Such changes may eradicate part of 
the beneficial cardiovascular effect of 8 blockade 
therapy. In the future, therapeutic choices may de- 
pend in part on lipoprotein abnormalities such as 
lipoprotein (a), apolipoprotein E isoforms, hyper- 
apobetalipoproteinemia, or small, large and modi- 
fied LDL. 

(Am J Cardiol 1989;64:31G-38G) 


"rom the Stanford University Lipid Research Clinic, Stanford Univer- 
ity School of Medicine, Stanford, California. 
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no known cure. Despite the dismal prognosis, pub- 

lic and professional attitudes have taken a less- 
than-aggressive approach toward treatment of lipopro- 
tein abnormalities that substantially contribute to athero- 
sclerosis. ? Atherosclerosis is a complex pathophysiologic 
process that is not yet fully understood (see “Pathophysi- 
ology of the Atherogenic Process," page 23G). It has 
been shown that increased levels of some, but not all, 
plasma lipoproteins are major factors in the pathogenesis 
of coronary atherosclerosis.^^ Evidence that these lipo- 
proteins play a major causal role in atherosclerosis is 
abundant and convincing.’ Clinical evidence suggests 
that an aggressive plasma lipoprotein treatment program 
is warranted in patients with coronary artery disease 
(CAD). 

In this report, 5 aspects of drug therapy and preven- 
tion of atherosclerosis will be examined, including clinical 
trial evidence, physical manifestation of hyperlipidemia, 
arteriographic trials, noncholesterol-altering actions of 
lipid-lowering medications, and the effect of adrenergic 
“blocking” medications on lipoproteins. 


A therosclerosis is a fatal disease for which there is 


CLINICAL TRIAL EVIDENCE THAT 
PROGRESSION OF CORONARY ARTERY 
DISEASE CAN BE DELAYED OR PREVENTED 
WITH DRUG THERAPY 

Clinical trials illustrate the benefit of aggressive plas- 
ma lipid intervention and the effects of specific medica- 
tions. Table I lists 4 major prospective, cholesterol-reduc- 
ing trials, which illustrate the effect of hypolipidemic 
drug therapy on CAD morbidity or mortality. These 4 
large clinical trials, designed to test the cholesterol hy- 
pothesis, indicate that reducing plasma cholesterol with 
medication decreases coronary events. 

World Health Organization Cooperative Trial: The 
World Health Organization Cooperative Trial,!° a dou- 
ble-blind study designed to test the cholesterol hypothesis 
by using clofibrate to reduce blood cholesterol, was initi- 
ated in 1965. Patient enrollees included 15,745 men, of 
whom 50% had serum cholesterol levels in the upper third 
of the normal distribution. Serum cholesterol was re- 
duced approximately 9% by medication and resulted in a 
significant (p <0.05) reduction in the occurrence of non- 
fatal myocardial infarction, primarily in those who 
smoked cigarettes and in those with elevated blood pres- 
sure. Unfortunately, nearly 28% more deaths from all 
causes were noted in the clofibrate group when compared 
with the control group (p «0.05). A greater number of 
cholecystectomies was also reported in the clofibrate- 
treated group than in the placebo group (p «0.001). 
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A SYMPOSIUM: LIPID DYNAMICS AND ATHEROSCLEROSIS 


TABLE I Major Prevention Trials That Used Blood 
Cholesterol Reduction as the Means to Achieve a Reduction in 
Coronary Artery Disease Incidence 


Average Reduction 
TC 
Reduction 


No. Years (96) 


WHO!° 
CDP?! 
(niacin group) 


15,745 5 9 
8,341 45 10 


20 (nonfatal MI) 

27 (nonfatal MI) 

11 (all-cause mortality 
[15-yr follow-up])!? 

19 (nonfatal MI) 

24 (CAD deaths) 

34 (nonfatal MI) 


LRC-CPPT!3 3,806 7.4 8.5 


Helsinki!4 


4,081 5 13 


CAD = coronary artery disease; CDP = Coronary Drug Project; LRC-CPPT = Lipid 
Research Clinics Coronary Primary Prevention Trial; MI = myocardial infarction; TC = 
total cholesterol; WHO = World Health Organization. 


Coronary Drug Project: The Coronary Drug Pro- 
ject,!! a double-blind, randomized, placebo-controlled 
clinical trial initiated in the late 1960s, used several medi- 
cations to reduce elevated blood cholesterol in patients 
who had survived a myocardial infarction. The intent of 
the trial was to decrease CAD morbidity and mortality by 
using drug therapy. Five drug strategies were used initial- 
ly, but three—estrogen at 2 doses and dextrothyroxine— 
were discontinued prematurely because of excessive 
drug-related morbidity and mortality. One of the remain- 
ing therapies, clofibrate, demonstrated a reduction in se- 
rum cholesterol of approximately 6% but was associated 
with an increased incidence of complications. Adverse 
effects in the clofibrate group included an increased inci- 
dence of thromboembolism, angina pectoris, intermittent 
claudication, cardiac arrhythmia, and a twofold increase 
in the occurrence of gallstones. 

The remaining medication, niacin, reduced serum 
cholesterol by 10%. When compared with the placebo 
group at the end of 7 years, almost identical mortality 
rates due to CAD were evident, but the incidence of 
nonfatal myocardial infarction was 27% lower in the nia- 
cin group than in the placebo group (Zw = —2.88). The 
incidence of saphenous vein bypass surgery was lower 
(0.9%) in patients treated with niacin than in the placebo 
group (2.7%, Zw = —3.43). 

The patients receiving niacin experienced increased 
gastrointestinal discomfort, elevated serum hepatic en- 
zymes, serum uric acid and plasma glucose, and a signifi- 
cantly greater incidence of atrial fibrillation and other 
arrhythmias. No increase in cancer occurred in either the 
clofibrate- or the niacin-treated patients. 

A 15-year follow-up analysis, conducted 9 years after 
termination of the trial, revealed that mortality rates 
from all causes in each drug group were similar, except 
for the group treated with niacin. Mortality was 11% 
lower (p <0.0004) in the niacin-treated patients than in 
the placebo group. These results are intriguing and sug- 
gest that prevention of coronary events by cholesterol 
reduction can increase life expectancy.!? 

Coronary Primary Prevention Trial: The Coronary 
Primary Prevention Trial, a 10-year clinical investigation 
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initiated in the early 1970s, tested the hypothesis that 
reducing plasma cholesterol in a group of men with total 
cholesterol values >265 ml/dl would reduce cardiovascu- 
lar events. After an average 7.4 years of treatment in 
3,806 men, the validity of the cholesterol hypothesis in 
humans was established.'? The group treated with the 
bile acid-binding resin, cholestyramine, experienced an 
8.5 and 12.6% greater reduction in total cholesterol and 
low-density lipoprotein (LDL) cholesterol, respectively, 
than the placebo group. These differences were associ- 
ated with a 24% reduction in CAD mortality and a 19% 
reduction in nonfatal myocardial infarction. A dose- 
dependent response to treatment was also reported. Pa- 
tients taking maximal doses of the drug had a 25% reduc- 
tion in total cholesterol and a 49% reduction in CAD 
events. 

Reported adverse effects included a higher incidence 
of gastrointestinal side effects (mainly gas, heartburn and 
constipation) in the cholestyramine group (68%) than in 
the placebo group (43%). Other potential adverse effects 
were meticulously monitored, and no significant differ- 
ence was seen between the cholestyramine and placebo 
groups in results of clinical chemistry tests, gallbladder 
operations, fatal malignancies, and particularly colon 
cancers. 

The implications of this trial are far-reaching. Clear- 
ly, treatment of elevated plasma cholesterol results in 
decreased CAD events. Although not directly tested, it is 
likely that the results can be extended to persons with 
total cholesterol <265 mg/dl as well as to women and 
persons of more diverse ages. 

Helsinki Heart Study: The Helsinki Heart Study, a 5- 
year, double-blind, randomized trial, evaluated the effect 
of the fibric acid derivative gemfibrozil on CAD events in 
healthy, middle-aged men with elevated LDL, very low 
density lipoprotein cholesterol, or both.!^ Sixty-three per- 
cent of the patients were classified as Fredrickson type 
Ila, 28% as IIb and 9% as IV. Gemfibrozil (600 mg 
administered twice daily) was administered to 2,051 men, 
and a placebo was given to 2,030 men. The dropout rate 
was 29.9%. After a mean follow-up period of 60.4 
months, the total number of CAD events was significant- 
ly decreased in patients who received gemfibrozil com- 
pared with patients who received placebo (p «0.02, 2- 
tailed test). The most significant reduction was in the 
occurrence of nonfatal myocardial infarction (37%, p 
<0.05), which is consistent with the results from the 
Coronary Drug Project. 

Adverse effects reported in this trial included a signifi- 
cantly higher incidence of gastrointestinal complaints in 
the treatment group during the first year (p «0.001). 
There was no difference in the incidence of constipation, 
diarrhea, nausea and vomiting and cholecystectomy, or in 
hemoglobin, urinary protein or glucose values. In the 
treatment group, the CAD mortality rate was lower; 
however, there was a nonsignificant greater incidence of 
death due to violence, accidents and intracranial hemor- 
rhage. 

Summary of results from clinical trials: These results 
indicate that reducing blood cholesterol levels by drug 





TABLE Il Investigations That Report Xanthomata Regression 
End 


aie / TC 


Investigator total no.) Treatment pA /dl)* (mg/dl)* 


Colestipol 

Diet 
Cholestyramine 
Clofibrate 
Compactin 
Probucol 

Diet 

Probucol 


Kuo et al?! 


Yamamoto et al?? 


Baker et al?3 


Beaumont et al?4 Probucol 


Witztum et al?° Lovastatin 


Probucol 


Fenofibrate 


Superko et al?6 


* Mean values only for those patients who demonstrated regression. 
TC = total cholesterol. 





treatment significantly reduces cardiovascular events, in- 
cluding nonfatal myocardial infarction (in 2 trials) and 
all myocardial infarctions and CAD deaths (in 2 other 
trials). The Coronary Primary Prevention Trial perhaps 
most convincingly demonstrates the beneficial effect of 
reducing blood cholesterol, partly owing to the study de- 
sign, frequent monitoring of the participants, standard- 
ized laboratory procedures and meticulous record keep- 
ing. The magnitude of cholesterol reduction achieved in 
these trials, however, was only moderate, averaging ap- 
proximately 10%. Results of the World Health Organiza- 
tion Cooperative Trial and the Coronary Drug Project 
raise the question of the safety of long-term drug treat- 
ment of elevated cholesterol, but the experience of the 
Coronary Primary Prevention Trial suggests that drug- 
related risk may be drug specific, because no significant 
adverse medical effects were detected with the long-term 
use of the bile acid-binding resin. 

Clinical evaluation of triglycerides: Much debate has 
focused on hypertriglyceridemia as a risk factor for CAD. 
A National Heart, Lung, and Blood Institute consensus 
on this topic has been published.!>-!© Results of the Dres- 
den HLP (hyperlipoproteinemia) study!" support the 
need to reduce elevated plasma lipids, particularly tri- 
glycerides. This study investigated, in a nonblinded man- 
ner, the effect of triglyceride and cholesterol reduction on 
cardiovascular complications and mortality in 260 pa- 
tients with hyperlipoproteinemia over a mean period of 
67 months. The incidence of angina appeared to cluster in 
the “moderate” lipid-reduction group. However, the oc- 
currence of myocardial infarction was significantly less in 
the "effective" control group compared with the *insuffi- 
cient" lipid-reduction group. 

Unfortunately, most studies of triglycerides and CAD 
do not report apolipoprotein B values. Patients with ele- 
vated apolipoprotein B (hyperapobetalipoproteinemia) 
have an excess of small, dense LDL particles similar to 
those noted in patients with familial combined hyperlipi- 
demia and in patients with accelerated CAD demon- 
strated on arteriography.'*:!° In addition, elevated apoli- 


poprotein B values are very prevalent (81%) in the post- 
myocardial infarction population that exhibit relatively 
normal LDL cholesterol and elevated plasma triglyceride 
levels.?? Understanding the relation of small, dense LDL 
particles to elevations in plasma triglyceride levels even- 
tually may help clarify the triglyceride CAD debate. 


PHYSICAL MANIFESTATIONS OF 
HYPERLIPIDEMIA AND THE 
EFFECT OF DRUG THERAPY 

Significant elevations in LDL cholesterol frequently 
are associated with tendon xanthomas and increased 
Achilles tendon thickness. Reduction in the size and pres- 
ence of this manifestation of hyperlipoproteinemia has 
been reported by several investigators (Table II). 

Kuo et al?! reported a reduction in tendon xanthomas 
using a combination of diet and colestipol in 9 of 11 
patients. Unfortunately, the study did not investigate li- 
poprotein changes. Yamamoto et al?? used multidrug 
therapy (cholestyramine, clofibrate, compactin and pro- 
bucol) in patients with total plasma cholesterol 2269 
mg/dl (mean 359 + 10 mg/dl in heterozygote patients; 
582 + 52 mg/dl in homozygote patients) and reported 
xanthoma regression in 10 of 15 patients. Diet and probu- 
col therapy resulted in reduction of xanthomas in 8 of 9 
patients reported by Baker et al. The patients in this 
study had extremely elevated plasma total cholesterol 
levels (2789 mg/dl). Monotherapy with probucol re- 
duced plasma total cholesterol from 536 to 439 mg/dl in 
6 of 8 patients who also exhibited xanthoma.?^ The com- 
bination of lovastatin and probucol achieved xanthoma 
regression in 5 of 9 patients with average initial total 
plasma cholesterol levels >442 mg/dl.?? We have report- 
ed the reduction of carefully mapped tendon xanthoma in 
4 of 7 patients with total plasma cholesterol levels >310 
mg/dl after treatment with fenofibrate.?6 The reports of 
Baker et al? and Beaumont et al?^ are of interest in that 
total plasma cholesterol levels remained substantially ele- 
vated, yet xanthoma regression was noted after treatment 
with the antioxidant agent probucol. 
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TABLE Ili Angiographic Trials Reported in the Medical 
Literature 


Arteriographic Investigations 


Artery 
Investigator Bed 


Intervention 


Ost and Stenson?” Femoral Drug 
Buchwaid et al?8 Coronary Partial 
ileal bypass 
Basta et al?? Renal Drug 
Barndt et al?9 Femoral Drug 
Selvester et al?! Coronary Exercise 
Nikkilä et al? Coronary Drug 
Rafflenbuel et al? Coronary Drug 
Kuo et al?! Coronary Drug 
Nikkilä et al34 Coronary Drug 
Arntzenius et al?5 Coronary. Diet 
Kuo et al36 Coronary Drug 


TABLE IV Controlled Arteriographic Investigations 


Investigation No. Drug Result 


Duffield et al35 24 Diet 
Clofibrate 
Cholestyramine 


Niacin 


60% reduction in rate of 
femoral atherosclerosis 
progression 


NHLBI type I9 116 Cholestyramine Decreased CAD 
progression 
Decreased CAD 
progression 
Niacin Regression 16% 


CLAS^! 162  Colestipol 


CAD = coronary artery disease; CLAS = Cholesterol Lowering Atherosclerosis 
Study: NHLBI = National Heart, Lung, and Blood Institute. 


CORONARY ARTERIOGRAPHIC TRIAL 
EVIDENCE THAT PROGRESSION OF 
CORONARY ARTERY DISEASE CAN 
BE DELAYED OR PREVENTED 

WITH DRUG THERAPY 

Studies?27-36 examining changes in coronary ob- 
struction assessed by arteriography have indicated pro- 
gression, lack of progression and regression associated 
with alterations in lipoproteins and lipoprotein subspe- 
cies. These uncontrolled investigations, which date back 
to 1967, have been reviewed previously?” (Table III). In 
many of these studies, the patients' initial total plasma 
cholesterol values were elevated, and the degree of plas- 
ma cholesterol reduction achieved was substantial. For 
example, Kuo et al?! reported that plasma total cholester- 
ol levels were reduced from 413 + 24 to 270 + 11 mg/dl 
with the use of diet and a bile acid-binding resin over a 
period of 7 years in 25 patients with familial type II 
hyperlipoproteinemia. Twenty-one of 25 patients also 
demonstrated lack of progression of disease as assessed by 
arteriography. 

Although many of these investigations have design 
problems, 3 controlled studies?9-^? offer important infor- 
mation regarding altering rates of progression of coro- 
nary atherosclerosis (Table IV). The investigation con- 
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ducted by Duffield et al was the first randomized 
arteriographic trial to assess change in femoral artery 
atherosclerosis. In this study, 24 patients with peripheral 
vascular disease were randomly assigned to a usual-care 
group or to treatment with diet, cholestyramine, niacin or 
clofibrate for a duration of 19 months. In the intervention 
group, LDL cholesterol and triglyceride levels were 24 
and 37% lower, respectively, than in the usual-care pa- 
tients; high-density lipoprotein (HDL) cholesterol levels 
increased by 41% in the treatment group. In patients who 
received diet and drug therapy, significantly fewer arteri- 
al segments showed progression (10 vs 27; p «0.01). The 
investigators concluded that hypolipidemic treatment re- 
sulted in a 6096 reduction of the rate of femoral artery 
atherosclerosis progression. 

The National Heart, Lung, and Blood Institute type 
II study??? involved 116 patients classified as Fredrick- 
son type II who were managed with diet and cholestyra- 
mine for 5 years. The study revealed that in patients with 
lesions causing =50% stenosis at baseline, treatment with 
placebo or cholestyramine resulted in lesion progression 
in 33 and 12%, respectively (p = 0.02). When the pa- 
tients’ arteriograms were examined independently of 
treatment, a significant association was seen with LDL 
reduction, HDL elevation, and extent of coronary athero- 
sclerosis progression (p <0.05). In the group with the 
smaller change in HDL, 4796 demonstrated progression, 
and in the group with more significant HDL change, 15% 
demonstrated progression. Unfortunately, this investiga- 
tion encountered adherence problems. Results showed 
that lack of disease progression was significantly correlat- 
ed with the change in LDL and HDL cholesterol values 
and, in particular, the HDL subspecies HDL2, and 
HDL» ,, as determined by analytic ultracentrifugation. 
This investigation also showed a significant decrease in 
disease progression in the group that achieved greater 
reduction in small LDL (Sf 0-7).!° 

The Cholesterol Lowering Atherosclerosis Study*! in- 
volved 162 postcoronary bypass patients randomly as- 
signed to placebo or combination treatment with colesti- 
pol and niacin. The average number of lesions that pro- 
gressed was significantly fewer in the drug-treatment 
group after 2 years of therapy (p <0.03). Fewer subjects 
had new atheroma formation in native coronary arteries 
(p <0.03), and adverse changes in bypass grafts also were 
significantly less (p <0.03). Atherosclerosis regression 
was reported to have occurred in 16.2% of the drug- 
treated patients compared with 2.4% of the placebo-con- 
trol group (p <0.002). Pharmacologic therapy resulted in 
a 43% reduction in LDL cholesterol, a 22% reduction in 
triglycerides, and a 37% increase in HDL cholesterol. 

The role of lipid modification in patients after coro- 
nary artery bypass surgery is unclear. It is commonly 
accepted that a patient with an established diagnosis of 
hyperlipidemia clearly requires aggressive plasma lipid 
therapy. However, the risks and benefits of pharmacolog- 
ically altering plasma lipid levels in patients not within 
the classic hyperlipidemia range (>95 percentile) have 
been debated.42 The Veterans Administration Coopera- 


Total cholesterol «180 mg/dl 
LDL-C «110 mg/dl 
TC:HDL-C «3.5 

Triglycerides «120 mg/dl 


HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cho- 
lesterol; TC = total cholesterol; TC:HDL-C = total cholesterol to high-density lipopro- 
tein cholesterol ratio. 


tive Study of Coronary Artery Bypass Surgery? reported 
that 5 years after bypass surgery, 4596 of all grafts had 
significant disease and 32% were completely occluded. In 
34% of the patients enrolled in the study, total plasma 
cholesterol levels were 7260 mg/dl, and in 42%, triglyc- 
eride levels were 7180 mg/dl. This lipid profile ina CAD 
population suggests the presence of atherogenic lipopro- 
tein conditions such as combined hyperlipidemia, hyper- 
apobetalipoproteinemia and dense LDL.!®.7° 

Results from the Cholesterol Lowering Atherosclero- 
sis Study*! clearly indicate benefit from pharmacologic 
lipid reduction at virtually all clinically relevant levels of 
plasma cholesterol. Additionally, a retrospective analy- 
sis^^ of 82 patients with coronary artery bypass grafts 10 
years after surgery shows that in patients in whom new or 
progressive disease did not develop, plasma cholesterol 
and triglyceride values were significantly lower than 
those in patients who had disease progression (p «0.01 ). 
Furthermore, HDL cholesterol and LDL-apolipoprotein 
B levels best distinguished the group that showed progres- 
sion compared with the group that did not. 

If the validity of the cholesterol hypothesis is accepted, 
then it is justified to use a more aggressive approach to 
reducing levels of LDL cholesterol in patients with estab- 
lished CAD, compared with asymptomatic patients with 
elevated levels of LDL cholesterol. Despite LDL choles- 
terol values that may not statistically place some patients 
in the high-risk range, it is likely that patients with docu- 
mented CAD will benefit from aggressive LDL cholester- 
ol reduction. The Coronary Primary Prevention Trial 
demonstrated a log-linear relation between CAD risk and 
percentage of change in LDL cholesterol that strongly 
suggests that treatment will be beneficial in those patients 
with LDL cholesterol levels below the 90th percentile. 
Application of normal ranges to these patients may be 
misleading. On the basis of these results, we have pro- 
posed lipid therapy goals for patients with documented 
CAD^ (Table V). Further research will help develop 
appropriate guidelines for apolipoprotein, lipoprotein 
subspecies, and oxidatively modified LDL management. 
Table VI lists arteriographic investigations in progress 
and approximate completion dates. 

There are many methods to modify plasma lipids. 
Several involving life-style modifications such as moder- 
ate exercise, loss of excess body fat and appropriate di- 
etary changes do not appear to be detrimental and offer 
additional benefits.^9-^? Before the use of any pharmaco- 





Estimated 
Completion 
Intervention Bed . (yr) 


Location Vascular 


(Investigators) 


International Nifedipine Coronary 
(Lichtien) 
Montreal Nicardipine 
(Waters) 
Multicenter lleal bypass Coronary 
(POSCH, Buchwald) X surgery Pelvis 
Stanford University Life-style Coronary 
(Alderman, Haskell)  Colestipol 
Niacin 
Fenofibrate 
Mevinolin 
Probucol 
Stockholm Niacin Femoral 
(Olsson, Erikson) Fenofibrate 
University of Colestipol 
California at Niacin 
San Francisco 
(Havel, Kane) 
Sweden / University Cholestyramine Femoral 
of North Probucol 
Carolina 
(Carlson, Tyroler) 
University of 
Southern California 
(Blankenhorn) 
University of 
Washington 


Coronary 


Coronary 


Mevinolin Coronary 210 


Coronary 300 


Colestipol 
Mevinolin 
(Brown) Niacin 


POSCH = Program on Surgical Control of the Hyperlipidemias. 





logic therapy, an intermediate therapeutic step that in- 
volves dietary additives, such as the fibers guar gum and 
pectin, may be considered.^? 


NONCHOLESTEROL ACTIONS OF 
LIPID-REDUCING MEDICATIONS 

Medications that alter plasma lipid and lipoprotein 
values affect other physiologic actions that may in turn 
affect the atherosclerotic process. These noncholesterol- 
reducing actions are seldom measured during clinical 
investigations but may account for part of the beneficial 
effects attributed to drug-induced lipoprotein cholesterol 
changes. 

Bile acid-binding resins: The bile acid-binding resins 
act by interrupting the enterohepatic circulation of bile 
acids. Thus, any systemic effect results from a reaction to 
depletion of hepatic bile acids. There is no evidence that 
these agents have a significant direct effect on other phys- 
iologic parameters that affect atherosclerosis, but the en- 
hanced hepatic uptake of free fatty acids and increased 
production of triglycerides may produce a minor effect.>! 

Fibric acid derivatives: Fibric acid derivatives de- 
crease the platelet-derived growth factor effect on smooth 
muscle.?? Since platelet-derived growth factor plays a 
significant role in the atherosclerotic process, this effect 
may contribute to the benefits associated with fibric acid 
treatment. Fibric acid-induced reduction in platelet ag- 
gregation has been reported in Fredrickson type II and 
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type IV classified patients and may also have cardiovas- 
cular benefit.’ 

Niacin: Niacin has the potential to affect the athero- 
sclerotic process in a number of ways. It can activate 
fibrinolysis (short-term effect), reduce plasma fibrino- 
gen, inhibit platelet aggregation, stimulate prostaglandin 
I, production and reduce thromboxane A; synthesis.?* 

Probucol: Probucol is unique among the lipid-reduc- 
ing medications in that an action other than its lipopro- 
tein cholesterol effects has received a considerable 
amount of investigation. Probucol's antioxidant effects on 
the atherosclerotic process have been described (see 
“Pathophysiology of the Atherogenic Process,” page 23G 
and “Role of Biologically Modified Low-Density Lipo- 
protein in Atherosclerosis," page 18G). In addition to 
antioxidant action, probucol also has been reported to 
reduce insulin-dependent diabetes in rats as well as inhib- 
it interleukin-1 release, as determined by an indirect 
method.5556 These actions may be significant, since insu- 
lin deficiency is associated with coronary atherosclerosis, 
and interleukin-1 is one of the cytokines that may be 
involved in the inflammatory aspect of atherosclerosis 
and smooth muscle cell proliferation.? 


LIPOPROTEIN HETEROGENEITY AND THE 
IMPACT ON ATHEROSCLEROSIS 

Within the lipoprotein classes, very low density lipo- 
protein, LDL and HDL, a diverse number and type of 
particles exist. This has been termed, "lipoprotein hetero- 
geneity."5* Often lipoprotein cholesterol content, as de- 
termined by the frequently used indirect 6 quantification 
technique, does not reflect this heterogeneity. "Small" 
LDL particles, as determined by density and size, are 
more prevalent in patients with combined hyperlipidemia 
and hyperapobetalipoproteinemia. Both these conditions 
are associated with a significant increase in CAD 
risk.205?-6! Evidence that change in LDL subclass is asso- 
ciated with decreased progression of CAD, as defined by 
coronary arteriography, is available from the National 
Heart, Lung, and Blood Institute type II study.?? In this 
study, subclass analysis indicated that patients with no 
CAD progression after bile acid-binding resin therapy 
had a greater reduction in small LDL than patients with 
CAD progression.!? 

The atherogenicity of small LDL may be related in 
part to the recent finding that in an animal model, LDL 
particle size is a powerful determinant of LDL particle 
migration into the arterial wall and that small LDL has a 
greater uptake than large LDL.9? Supporting this biolog- 
ic preference is evidence that small LDL has a decreased 
uptake by LDL fibroblast receptors compared with large 
LDL.*®?. This is an important issue because of the modi- 
fication of LDL in the arterial wall and its contribution to 
the atherosclerosis process.9? This cellular role may help 
explain the atherogenicity of small LDL. 

LDL is also diverse in its apolipoprotein content. Apo- 
lipoprotein B-100 is the primary protein associated with 
LDL particles. The LDL cholesterol to apolipoprotein B 
ratio can be used as an indirect reflection of LDL particle 
size. In some cases, apolipoprotein (a) is associated with 
the LDL particle, which is then termed lipoprotein (a) or 
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Lp(a). This LDL particle appears to be highly atherogen- 
ic, in part due to the resemblance of apolipoprotein (a) to 
kringle 4 of plasminogen.$6 This protein can be quite 
diverse, and it appears that the apolipoprotein (a) isoform 
is related more to CAD risk than to the absolute level of 
Lp(a).97 Apolipoprotein E isoform is a third protein that 
contributes to lipoprotein heterogeneity. The genetically 
determined isoforms of apolipoprotein E are responsible 
for alterations in lipoprotein metabolism and subsequent 
CAD risk.$5 

Recently, we determined that 8-blocking medications 
significantly alter LDL density. A cross-sectional analy- 
sis of patients taking no medications compared with pa- 
tients treated with selective and nonselective 8 blockers 
indicated a significant (p <0.05) increase in small LDL 
(Sf 0-7) with nonselective 8-blocking use.9? We followed 
this cross-sectional investigation with a prospective trial 
of the effect of an a blocker vs a selective 8 blocker on 
LDL heterogeneity. Alpha blockade resulted in a signifi- 
cant (p «0.008) shift of LDL particles toward larger, less 
dense LDL, whereas selective 8 blockade resulted in a 
shift toward smaller denser LDL particles despite no 
change in LDL cholesterol."? This change in LDL “type” 
may be a significant factor in the future selection of 
antihypertensive medications. 

It is no longer adequate to investigate the association 
of only lipoprotein cholesterol levels with atherosclerotic 
conditions. Lipoprotein heterogeneity has the potential to 
explain many of the confusing discrepancies in previously 
reported associations of lipoprotein cholesterol change 
and atherosclerosis impact. 


CONCLUSION 

Evidence that plasma cholesterol reduction can have 
cardiovascular benefit is derived from 3 clinical sources: 
clinical trials using cardiovascular end points, changes in 
xanthoma, and arteriographic investigations. Lipid-re- 
ducing medications consistently have demonstrated bene- 
fit in clinical investigations of these 3 types (Table VII). 

It is abundantly clear that reduction of elevated LDL 
cholesterol results in fewer coronary events and a reduc- 
tion in the rate of progression of coronary atherosclerosis. 
Actively increasing HDL cholesterol with medications 
has been associated with improved coronary status, but 
the benefit may be therapy specific. Some therapeutic 
actions that reduce HDL cholesterol, such as diet and 
probucol, are associated with improved disease states. In 
an addendum to the National Cholesterol Education Pro- 
gram Adult Treatment Panel guidelines, Grundy et al”! 
suggest that patients with low HDL cholesterol values 
(<35 mg/dl) at the time of initial evaluation, measured 
in a reliable laboratory, should receive additional atten- 
tion to elevating HDL cholesterol with therapy. That low 
HDL cholesterol values before therapy reflects a signifi- 
cantly increased CAD risk is consistent with the results of 
4 large American investigations." Therapy to increase 
HDL cholesterol values initially should involve weight 
loss and aerobic exercise. 

Atherosclerosis is a complex disease. Cholesterol 
transported in lipoprotein particles reflects CAD risk po- 
tential, and alteration in cholesterol transport can retard 


TABLE VII Clinical Outcome Associated With Antihyperlipidemic Therapy* 


Medication 


Clinical trials 
Cholestyramine LRC-CPPT!3 
Clofibrate WHO!9 


CDP! 


Estrogen CDPH 


Gemfibrozil Helsinki!^ 


Niacin CDP!! 


Thyroxine CDP?! 
Xanthoma 

Cholestyramine 

Clofibrate 

Colestipol 

Compactin 

Fenofibrate 

Lovastatin 

Probucol 22,2425 
Arteriographic trials 

Cholestyramine Duffield38 
NHLBI-II99 
Clofibrate Duffield?® 
Colestipol CLAS^! 


Niacin Duffield35 
CLAS^! 


* In studies that used 2 or more drugs, individual drug effects cannot be isolated. 


Significant CAD 


Xanthoma regression 


Xanthoma regression 
Xanthoma regression 


Significant 


End Point Reduction Disadvantage 


Nonfatal MI 
Nonfatal MI 


None reported 

Increased deaths, 
gallstones, neoplasms 

None Thromboembolism, angina 
pectoris, gallstones, 
arrhythmia, claudication 

Nonfatal cardiovascular 
events, thromboembolism, 
cancer mortality 

GI distress, basal-cell 
carcinoma 

Atrial fibrillation, 
increased uric acid 

None Sudden death, arrhythmia 


All events 


Nonfatal MI 


None reported 
None reported 
Constipation 
None reported 
None reported 
Xanthoma regression None reported 
Xanthoma regression Nausea 


Xanthoma regression 
Xanthoma regression 


None reported 
Nervousness 
Progression None reported 
Progression Constipation, GI 
Regression distress 
Progression None reported 
Progression Gouty arthritis, 
Regression Flushing, Gl distress 


Progression 
Progression 


CAD = coronary artery disease; CDP = Coronary Drug Project; CLAS = Cholesterol Lowering Atherosclerosis Study; Gl = gastrointestinal; LRC-CPPT = Lipid Research Clinics 
Coronary Primary Prevention Trial; MI = myocardial infarction; NHLBI-II = National Heart, Lung, and Blood Institute type Il; WHO = World Health Organization Cooperative Trial. 


disease progression. Change in lipoprotein cholesterol 
concentration is a guide in the treatment of atherosclero- 
sis but not the end point. Therapies used to treat athero- 
sclerosis must demonstrate safety and efficacy in human 
trials. Results of several investigations using coronary 
arteriography and a variety of treatment options that 
may demonstrate convincing evidence of improved ath- 
erosclerosis as defined by quantitative coronary arterio- 
grams will be available within the next few years. 
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What’s a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 
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Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)? 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL)3 


Raised HDL levels 1⁄2 to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population? 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type IIb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 

coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction. J Clin Invest. 

1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective di vues Münster 

Trial. Zürich: Panscientia Verlag; 1986:8-9. 3. Data on file, Medical Affairs Dept, Parke-Davis 

» Tikkanen MJ, Helve E, Jááttelá A, et al. Comparison between lovastatin and gemfibrozil in the 
reatment of primary hypercholesterolemia: the Finnish Multicenter Study. Am J Cardiol. 

1988; 62:35)-43]. 
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Lopid? (Gemfibrozi Capsules and Tablets) ats. 


Before prescribing, please see full prescribing information. 


CLINICAL PHARMACOLOGY. Lopid (gemfibrozil capsules and tablets) is a lipid regulating 
agent which decreases serum triglycerides and very low density lipoprotein (VLDL) choles- 
terol, and increases high density lipoprotein (HDL) cholesterol. While modest decreases in 
total and low density lipoprotein (LDL) cholesterol may be observed with Lopid therapy, 
treatment of patients with elevated triglycerides due to Type IV hyperlipoproteinemia often 
results in a rise in LDL-cholesterol. LDL-cholesterol levels in Type llb patients with elevations 
of both serum LDL-cholesterol and triglycerides are, in general, minimally affected by Lopid 
treatment; however, Lopid usually raises HDL-cholesterol significantly in this group. Lopid 
increases levels of high density lipoprotein (HDL) subfractions HDL, and HDL. , as well as 
apolipoproteins Al and All. Epidemiological studies have shown that both low HDL-choles- 
terol and high LDL-cholesterol are independent risk factors for coronary heart disease. 

In the Helsinki Heart Study, a large, randomized, double-blind, placebo-controlled, 
primary prevention trial in 4081 male patients between the ages of 40 and 55, Lopid therapy 
was associated with significant reductions in total plasma triglycerides and a significant 
increase in high density lipoprotein cholesterol. Moderate reductions in total plasma choles- 
terol and low density lipoprotein cholesterol were observed for the Lopid treatment group as 
a whole, but the lipid response was heterogeneous, especially among different Fredrickson 
Types. The study involved subjects with serum non-HDL-cholesterol of over 200 mg/dL and 
no previous history of coronary heart disease. Over the five-year study period, the Lopid 
group experienced a 34% reduction in serious coronary events (sudden cardiac deaths 
plus fatal and nonfatal myocardial infarctions) compared to Mtn There was a 37% 
reduction in nonfatal myocardial infarction. The greatest reduction in the incidence of serious 
coronary events occurred in Type IIb patients who had elevations of both LDL-cholesterol 
and total plasma triglycerides. This subgroup of Type Ilb gemfibrozil group patients had a 
lower mean HDL-cholesterol level at baseline than the Type lla subgroup that had elevations 
of LDL-cholesterol and normal plasma triglycerides. The mean increase in HDL-cholesterol 
among the Type IIb patients in this study was 12.6% compared to placebo. It is not clear to 
what extent the findings of the Helsinki Heart Study can be extrapolated to other segments of 
the dyslipidemic population not studied or to other lipid-altering drugs. 

The mechanism of action has not been definitively established. In man, Lopid has been 
shown to inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty acids, 
thus reducing hepatic triglyceride production. Lopid inhibits synthesis and increases clear- 
ance of VLDL carrier apolipoprotein B, leading to a decrease in VLDL production. 

Animal studies suggest that Lopid may, in addition to elevating HDL-cholesterol, reduce 
incorporation of long-chain fatty acids into newly formed triglycerides, accelerate turnover 
and removal of cholesterol from the liver, and increase excretion of cholesterol in the feces. 

Lopid is well absorbed from the gastrointestinal tract after oral administration. Peak 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours following multiple 
doses. Plasma levels appear proportional to dose and do not demonstrate accumulation 


across time following multiple doses. 


Lopid mainly undergoes oxidation of a ring methyl group to successively form a hydroxy- 
methyl and a carboxyl metabolite. Approximately seventy percent of the administered 
human dose is excreted in the urine, mostly as the glucuronide conjugate, with less than 2% 
excreted as unchanged gemfibrozil. Six percent of the dose is accounted for in the feces. 
oo NS. 1. Hepatic or severe renal dysfunction, including primary biliary 
cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. H “ergy bid to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities between 
gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical studies 
may also apply to gemfibrozil. In the first of those studies, the Coronary Drug Project, 1000 
subjects with previous myocardial infarction were treated for five years with clofibrate. There 


- was no difference in mortality between the clofibrate-treated subjects and 3000 placebo- 


treated subjects, but twice as many clofibrate-treated subjects developed cholelithiasis and 
chol itis requiring surgery. In the other study, conducted by the World Health Organi- 
zation (WHO), 5000 subjects without known coronary heart disease were treated with 
clofibrate for five years and followed one year beyond. There was a statistically significant, 
29%, higher total mortality in the clofibrate-treated than in a comparable placebo-treated 
control group. The excess mortality was due to a 33% increase in noncardiovascular causes, 
including malignancy, post-cholecystectomy complications, and pancreatitis. The higher risk 
of clofibrate-treated subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1Vz year follow-up period since the trial was 
completed, mortality from any cause was 59 (2.996) in the Lopid UD and 55 (2.7%) in the 
placebo group. Mortality from any cause during the double-blind portion of the study was 44 
deaths in the Lopid group and 43 in the placebo group. Because of the more limited size of 
the Helsinki Heart Study, this result is not statistically-significantly different from the 29% 
excess mortality seen in the clofibrate group in the separate WHO study. Noncoronary heart 
disease related mortality showed a 58% greater trend in the Lopid group (43 vs 27 patients 
in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the trial 


- andinthe 1V2 years since the trial was completed was 39 in the Lopid group and 29 in the 


placebo group (difference not statistically significant). This includes 5 basal cell carcinomas 
in the rape sa and none in the placebo group (p=0.06; historical data predicted an 
expected 4.7 cases in the placebo group). GI malignancies and deaths from malignancies 
were not statistically different between Lopid and placebo subgroups. Follow-up of the 
Helsinki Heart Stu Y participants will provide further information on cause-specific mortality 
and cancer morbidity. 

2. A gallstone prevalence substudy of 450 Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gallstones during the study within the Lopid treatment 
group (7.5% vs 4.9% for the placebo group, a 55% excess for the gemfibrozil group). A trend 
toward a greater incidence of gallbladder surgery was observed for the Lopid group (17 vs 
11 subjects, a 5496 excess). This result did not differ statistically from the increased inci- 
dence of cholecystectomy observed in the WHO study in the group treated with clofibrate. 
Both clofibrate and gemfibrozil may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected, gallbladder studies are indicated. Lopid therapy 


. should be discontinued if gallstones are found. 


3. Since a reduction of mortality from coronary artery disease has not been demonstrated 


and because liver and interstitial cell testicular tumors were increased in rats, Lopid should 


be administered only to those patients described in the INDICATIONS AND USAGE section. 
If a significant serum lipid response is not obtained, Lopid should be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants are 
given in conjunction with Lopid. The dosage of the anticoagulant should be reduced to 
maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor? (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, leading 
in a high proportion of cases to acute renal failure. In most subjects who have had an 
unsatisfactory lipid response to either drug alone, the possible benefit of combined therapy 
with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhabdomyo- 
lysis, and acute renal failure (See Drug Interactions). The use of fibrates alone, including 
Lopid, may occasionally be associated with myos Patients receiving Lopid and complain- 
ing of muscle pain, tenderness, or weakness should have prompt medical evaluation for 


. myositis, including serum creatine kinase level determination. If myositis is suspected or 


diagnosed, Lopid therapy should be withdrawn. 
6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% of 
male rats treated with gemfibrozil at 10 times the human dose. 
ONS. 1. Initial Therapy — Laboratory studies should be done to ascertain that 


| the lipid levels are consistently abnormal. Before instituting Lopid therapy, every attempt 


should be made to control serum lipids with appropriate diet, exercise, weight loss in obese 
patients, and control of any medical problems such as diabetes mellitus and hypothyroidism 
that are contributing to the nae abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, and 
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Lopid® (Gemfibrozil Capsules and Tablets) - - ? 
the drug withdrawn if lipid response is inadequate after 3 months of therapy. ‘ 

3. Drug Interactions — (A) L tin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of — 
combined therapy or after several months. In most subjects who have had an unsatisfactory 
lipid response to either drug alone, the possible benefit of combined therapy with lovastatin 
and gemfibrozil does not outweigh the risks of severe myopathy, rhabdomyolysis, and acute 
renal failure. There is no assurance that periodic monitoring of creatine kinase will prevent 
the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED 
LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETER- 
MINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies have 
been conducted in rats and mice at one and ten times the human dose. The incidence of 
benign liver nodules and liver carcinomas was significantly increased in high dose male rats. 
The incidence of liver carcinomas increased also in low dose males, but this increase was not 
statistically e [ires (p=0.1). In high dose female rats, there was a significant increase in 
the combined incidence of benign, and malignant liver neoplasms. In male and female mice, 
there were no statistically significant differences from controls in the incidence of liver tumors, 
but the doses tested were lower than those shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferation 
following Lopid administration to the male rat. An adequate study to test for peroxisome 
enel ies has not been done in humans but i ie in peroxisome morphology have 

en observed. Peroxisome proliferation has been shown to occur in humans with either of 
two other drugs of the fibrate class when liver biopsies were compared before and after 
treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility; Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmitted 
to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human dose. 
These studies have revealed no evidence of impaired fertility in females or harm to the fetus 
due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed at the high 
dose levels. No significant malformations were found among almost 400 offspring from 36 
litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those patients 
where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gemfibrozil in 
rats, a decision should be made whether to discontinue nursing or discontinue the drug, 
taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell decreases 
have been observed in occasional patients following initiation of Lopid therapy. However, 
these levels stabilize during long-term administration. Rarely, severe anemia, leukopenia, 
thrombocytopenia, and bone marrow hypoplasia have been reported. Therefore, periodic 
blood counts are recommended during the first 12 months of xc administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally during 
Lopid administration, including elevations of AST (SGOT), ALT (SGPT), LDH, bilirubin, and 
alkaline phosphatase. These are usually reversible when Lopid is discontinued. Therefore 
periodic liver function studies are recommended and Lopid therapy should be terminated if 
abnormalities persist. 

9. Use in Children — Safety and efficacy in children have not been established. 
ADVERSE REACTIONS. In the double-blind controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. In that study, the following adverse reactions 
were statistically more frequent in subjects in the Lopid group (placebo incidence in paren- 
theses): rare eae reactions, 34.2% (23.8%); dyspepsia, 19.6% (11.9%); abdominal 
pain, 9.8% (5.6%); acute appendicitis, 1.2% (0.6%); atrial fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant difference 
between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); fatigue, 
3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% (1.3%); 
he 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 

Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 64% 
excess, which is not statistically different from the excess of gallbladder surgery observed in 
the clofibrate compared to the placebo group of the WHO study. i 

Nervous system and special senses adverse reactions were more common in the Lopid 
group. These included hypesthesia, paresthesias, and taste perversion. Other adverse 
reactions that were more common among Lopid treatment group subjects but where a 
causal relationship was not established include cataracts, peripheral vascular disease, and 
intracerebral hemorrhage. 

From other studies it seems probable that c is causally related to the occurrence of 
musculoskeletal symptoms (See WARNINGS), and to abnormal liver function tests and 
hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below by 

system. These are categorized according to whether a causal relationship to treatment with 
Lopid is probable or not established: 
CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central Ner- 
vous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased libido, 
depression, headache; Eye: blurred vision; Genitourinary: impotence; Musculoskeletal: 
myopathy, myasthenia, myalgia, painful extremities, arthralgia, synovitis, rhabdomyolysis 
(see WARNINGS and Drug Interactions under PRECAUTIONS); Clinical Laboratory: 
increased creatine phosphokinase, increased bilirubin, increased liver transaminases (AST 
SGOT], ALT [SGPT]), increased alkaline phosphatase; Hematopoietic: anemia, leukopenia, 
ne marrow hypoplasia, eosinophilia; dpi id angioedema, laryngeal edema, 
urticaria; Integumentary: exfoliative dermatitis, rash, dermatitis, pruritus. 
CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasystoles; 
Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confusion, convul- 
sions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; Clinical Labora- 
tory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; Immunologic: 
anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary; alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg adminis- 
tered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of overdosage, 
symptomatic supportive measures should be taken should it occur. 


References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary prevention 
trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng! J Med 1987;317:1237-1245. 
2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline in the incidence of 
coronary heart disease in the Helsinki Heart Study. JAMA 1988; 260:641-651. 

3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of chylomicron 
metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited Disease, 5th ed., 
McGraw-Hill, 1983, Chap. 30, pp. 622-642. 
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Second Edition 


Your colleagues review the book — 


^. concise and finely edited. The discussions are 
up-to-date and to the point... .the book can be 
read from both a generalist’s and specialist's 
perspective. . . .to convey ‘what really matters’ to 
a practicing physician... .(who manages) 
everyday problems seen in clinical practice.” 
—Annals of Internal Medicine 


^. .find information easily and. . .quickly. . .. 
should occupy a place in every clinician's 


st 


office. ..: 


—The New England Journal of Medicine 
(First Edition review) 


"Features that distinguish this book from others 

in the field include the pragmatic orientation. . . 

the range of coverage (and). . .the organization in 

bite-sized topics... .” 
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CORONARY ARTERY DISEASE 


00 C EBENE SELLTORCSM D RS URN a CDIA NSE 
Late Ventricular Dilatation in Survivors of Acute 
Myocardial Infarction 

Niels Gadsbgll, Poul-Flemming Hgilund-Carlsen, Jens Henrik 
Badsberg, Poul Stage, Jens Marving, Harald Lønborg-Jensen, 
and Birte Hjort Jensen 


Using a radionuclide method allowing determination of abso- 
lute left ventricular volumes and ejection fraction, we exam- 
ined 57 patients 2 weeks and 1 year after acute myocardial 
infarction. Patients with first anterior infarct had significantly 
greater increases in end-diastolic volume index, end-systolic 
volume index and stroke volume index than patients with first 
inferoposterior infarcts, and late ventricular dilatation was 
more pronounced in patients with clinical manifestations of 
heart failure than in patients without these signs. 


967 
Emergency Percutaneous Cardiopulmonary Bypass 
er s eee re a daa dicte 


Fayaz A. Shawl, Michael J. Domanski, Tomas J. Hernandez, 
and Sudhakar Punja 


We instituted emergency percutaneous cardiopulmonary by- 
pass support in 8 patients with acute myocardial infarction 
complicated by cardiogenic shock of <4 hours’ duration. Seven 
patients had successful angioplasty of 15 of 16 lesions attempt- 
ed, and all infarct-related vessels were dilated. Seven patients 
are alive at a mean follow-up of 8.2 months. 


971 Aare Benno) SoA BERS sitet sR MS E SE e ed See UA 
Changes in Plasma Vitamin Levels in the First 48 
Hours After Onset of Acute Myocardial Infarction 
Robert Scragg, Rodney Jackson, lan Holdaway, 

Gerald Woollard, and David Woollard 


To establish whether plasma vitamin measurements made af- 
ter acute myocardial infarction can be used in case-control 
studies of coronary artery disease, we investigated the short- 
term effect of AMI on plasma concentrations of 25-hydroxyvi- 
tamin D3, beta-carotene, vitamin E and retinol in 13 patients 
admitted to the hospital within 4 hours after the onset of symp- 
toms. Our results suggest that, of these vitamins, only plasma 
measurements of 25-hydroxyvitamin D; collected within 12 
hours of onset of symptoms may provide reliable information 
for case-control studies of AMI. 


975 

Oxygen Delivery, Oxygen Consumption and 
Hemoglobin-Oxygen Affinity in Acute Myocardial 
Infarction 


Tsutomu Sumimoto, Yasuo Takayama, Toshiji Iwasaka, 
Tetsuro Sugiura, Masaharu Takeuchi, Noritaka Tarumi, 
Hirofumi Takashima, and Mitsuo Inada 
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Our investigation of oxygen delivery, oxygen consumption and 
hemoglobin-oxygen affinity in 43 patients with acute myocar- 
dial infarction suggests that a normal or increased oxygen con- 
sumption alone does not ensure survival after acute myocardial 
infarction, and increased Pso leads to an increase in oxygen 
consumption. Nevertheless, a marked increase in Pso in pa- 
tients with acute myocardial infarction implies a precarious 
oxygen transport/requirement balance in peripheral tissue 
and, hence, a fatal outcome. 


980 SE er eee SORT Ie ISO Veo FIN Adesso ns 
Balloon Dilatation of Symptomatic Subacute Intimal 
Dissection Presenting as Restenosis 

Howard D. Noveck, Lloyd W. Klein, Barry Kramer, Pierre 
Abi-Mansour, Joseph Rosenblum, and Michael Lesch 


Seventeen patients with demonstrated intimal dissections at 
the time of initial, successful percutaneous transluminal coro- 
nary angioplasty underwent repeat PTCA for recurrence of 
symptoms. The patients who had successful repeat PTCA were 
those without contrast staining and without significant luminal 
compromise from the dissection after the first PTCA. 


985 HERD a I tas SUUM LARUM TS BRL. i ae 
Prognostic Value of Atrial Pacing and Thallium-201 
Scintigraphy in Patients with Stable Chest Pain | 
Henry G. Stratmann, Alexander L. Mark, Kenneth E. Walter, 
and George A. Williams 


We assessed the usefulness of atrial pacing and thallium-201 
scintigraphy for predicting occurrence of future cardiac events 
in patients with stable chest pain. Prognostic information was 
obtained. Patients with subsequent cardiac events did have a 
significantly increased incidence of reversible perfusion defects 
and abnormal thallium-201 scans compared with patients 
without such events. 


CARDIOMYOPATHY 

991 

The M of Dilated Cardiomyopathy 
and Its Relation to Immune-R Genes 


Eloisa Arbustini, Antonello Gavazzi, Roberto Pozzi, Maurizia 
Grasso, Angela Pucci, Carlo Campana, Gabriella Graziano, 
Miryam Martinetti, Mariaclara Cuccia, Laura Salvaneschi, 
Luigi Martinelli, Carlo Montemartini, and Mario Vigano 


Endomyocardial biopsies from 166 patients with dilated car- 
diomyopathy were examined and revealed a wide spectrum of 
morphologic findings that did not seem to correlate with the 
symptomatic status of the patients or with the disease duration. 
Nevertheless, 2 distinct groups of patients with DC emerged: 
those with and without large, abnormal nuclei in hypertrophic 
myocytes. These 2 groups also differed in HLA-DR antigen 
associations. Our findings may suggest that genetic factors in- 
fluence the cardiac morphologic expression of DC. 
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BRIEF SUMMARY 


CARDIZEM* 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission 


WARNINGS 

|. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome. 
This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1,243 patients for 
0.48%). Concomitant use of diltiazem with beta-blockers 
or digitalis may result in additive effects on cardiac con- 
duction. A patient with Prinzmetal’s angina developed 
periods of asystole (2 to 5 seconds) after a single dose of 
60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a neg- 
ative inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/df). Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension. 

4. Acute Hepatic Injury. in rore instances, significant eleva- 
fions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have been 
reversible upon discontinuation of drug therapy. The rela- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is exten- 
sively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, labora- 
tory parameters should be monitored at regular intervals. The 
drug should be used with caution in patients with impaired 
renal or hepatic function. In subacute and chronic dog and rat 
studies designed to produce toxicity, high doses of diltiazem 
were associated with hepatic damage. In special subacute 
hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued. 


(160 mg X 90 mg 
C 120 mg 


Sug f 


CARDIZEM... 


diltiazem HCl/Marion 


FOR THE BENEFITS OF 
ANTIANGINAL PROTECTION AND SAFETY 





60mg 90mg 


Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers 
or digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabo- 
lized drugs, particularly those of low therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomitantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels. 

Beta-blockers: Controlled and uncontrolled domestic stud- 
ies suggest that concomitant use of CARDIZEM and beta- 
blockers or digitalis is usually well tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular dysfunc- 
tion or cardiac conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in all subjects and bio- 
availability of propranolol was increased approximately 50% 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (5896) 
and area-under-the-curve (5396) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day. 
Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine's known inhibition of 
hepatic cytochrome P-450, the enzyme system probably re- 
sponsible for the first-pass metabolism of diltiazem. Patients 
currently receiving diltiazem therapy should be carefully mon- 
itored for a change in pharmacological effect when initiating 
and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it is recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy to avoid possible over- or under- 
digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, con- 
ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21 -month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulted in 


120mg 














embryo and fetal lethality. These doses, in some studies, have 
been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stillbirths at doses of 20 times the human dose or 
greater. 

There are no well-controlled studies in pregnant! women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk. 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presenta- 
tion are: edema (2.4%), headache (2. 1 96), nausea (1.9%), 
dizziness (1.596), rash (1.396), asthenia (1.296). In addi- 
tion, the following events were reported infrequently (less than 
1%): 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree — 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
tension, palpitations, syncope. 

Nervous System: Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
sia, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease. 

Dermatologic: ^ Petechiae, pruritus, photosensitivity, urti- 
caria. 

Other: Amblyopia, CPK elevation, dyspnea, epi- 


staxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia. How- 
ever, a definitive cause and effect between these events and 
CARDIZEM therapy is yet to be established. 
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CONGENITAL HEART DISEASE 


00 go SMS ane SA MER CREME del ORO a ey N 
Natural Course of Atrial Septal Aneurysm in Children 
and the Potential for Spontaneous Closure of 
Associated Septal Defect 

Abraham Brand, Andre Keren, David Branski, Abraham 
Abrahamov, and Shlomo Stern 


We evaluated the presence of atrial septal aneurysm (ASA) 
and its natural course in a consecutive series of 3,500 children 
referred for echocardiographic examination. ASA was found 
in 35 patients. In every instance the anomaly was associated 
with heart defects, among which the most common was atrial 
septal defect (ASD). Follow-up of 14 patients with ASD 
showed a significant correlation between closure of ASD and 
disappearance of ASA. 


MISCELLANEOUS 


BEEN A tN Ee eee ed EAST Sahel 
Usefulness of Nuclear Magnetic Resonance Imaging for 
Evaluation of Pericardial Effusions, and Comparison 
with Two-Dimensional Echocardiography 

Sharon L. Mulvagh, Roxann Rokey, G. Wesley Vick, Ill, and 
Donald L. Johnston 


Echocardiography and nuclear magnetic resonance were used 
to characterize pericardial effusions in 26 patients. NMR im- 
aging is an excellent technique for detecting small effusions, 
and is useful in separating pleural from pericardial effusions. 


1010 

Prevalence and Significance of Left Ventricular 

Filling Abnormalities Determined by Doppler 
Echocardiography in Young Type I (Insulin-Dependent) 
Diabetic Patients 


Catherine Paillole, Michel Dahan, Frédéric Paycha, 
Alain Cohen Solal, Philippe Passa, and René Gourgon 


In 16 young insulin-dependent diabetic patients with no coro- 
nary artery disease, hypertension or microangiopathy, Doppler 
echocardiography showed a high prevalence of ventricular fill- 
ing abnormalities. These abnormalities seem to be related to 
changes in ventricular relaxation and may be early markers of 
diabetic cardiomyopathy. 


1017 JU ZEN. eno I EM Ro SE SRI, SUN IET 
Noninvasive Cardiac Risk Stratification of Diabetic and 
Nondiabetic Uremic Renal Allograft Candidates Using 
Dipyridamole- Thallium-201 Imaging and Radionuclide 
v 


Kenneth A. Brown, Jeffrey Rimmer, and Carl Haisch 


This study assessed the clinical value of noninvasive risk strati- 
fication of candidates for renal allograft surgery using dipyrid- 
amole-thallium-201 myocardial imaging and radionuclide 
ventriculography. The only predictors of future cardiac events 
were presence of transient Tl-201 defect and left ventricular 
ejection fraction. Dipyridamole-Tl-201 and radionuclide ven- 
triculography were considered helpful in identifying uremic 
candidates who are at low risk for perioperative and long-term 
cardiac events. 


A12 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 


1022 . uoa m I EA NM T LM 
Comparison of Myocardial Washout Rate of Thallium- 
201 Between Rest, Dipyridamole With and Without 
Aminophylline, and Exercise States in Normal Subjects 
George T. O'Byrne, Erwin A. Rodrigues, Jamshid Maddahi, 
Kenneth F. Van Train, Christopher Wong, Kenneth Resser, 
John D. Friedman, and Daniel S. Berman 


The myocardial washout rate of thallium-201 was evaluated in 
85 subjects undergoing rest, dipyridamole with or without ami- 
nophylline, and exercise studies. We observed that the normal 
limits for washout rate vary with the test being performed. In 
addition, the use of aminophylline does not affect the myocar- 
dial washout rate of thallium-201, but normal limits for dipy- 
ridamole, lower than those used for exercise, are required for 
clinical purposes. 
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Preparticipation Echocardiographic Screening for 
Cardiovascular Disease in a Large, Predominantly 
Black Population of Collegiate Athletes 

Jannet F. Lewis, Barry J. Maron, James A. Diggs, Jane E. 
Spencer, Prafulla P. Mehrotra, and Charles L. Curry 


The utility of echocardiography as a primary screening test for 
cardiovascular disease was assessed in a predominantly (9990) 
black population of 265 collegiate athletes. The findings sug- 
gest that athletic screening may not be justified on a cost- 
effective basis. 
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Trandate* Tablets 
(labetalol hydrochloride) 
The following is a brief summary only. Before prescribing, see complete prescribing information in 
Trandate* Tablets product labeling. 

CONTRAINDICATIONS: Trandate* Tablets are contraindicated in bronchial asthma, overt cardiac fail- 
Ts BE eae: heart block, cardiogenic shock. and severe bradycardia (see WARN- 
WARNINGS: Hepatic Injury: Severe hepatocellular injury. confirmed by rechallenge in at least one 
case, occurs rarely with labetalol therapy. The hepatic injury is usually reversible. but hepatic necrosis 
and death have been reported. Injury has occurred after both short- and long-term treatment and 
may be slowly progressive despite minimal symptomatology. Appropriate laboratory testing should 
be done at the first symptom/sign of liver dysfunction (eg. pruritus, dark urine, persistent anorexia, 
jaundice, right upper quadrant tenderness, or unexplained "flu-like" symptoms). If the patient has 
laboratory evidence of liver injury or jaundice, labetalol should be stopped and not restarted. 

Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory function in con- 
gestive heart failure. Beta-blockade carries a potential hazard of further depressing myocardial 
contractility and precipitating more severe failure. Although beta-blockers should be avoided in overt 
congestive heart failure, if necessary, labetalol HCI can be used with caution in patients with a history 
of heart failure who are well compensated. Congestive heart failure has been observed in patients 
receiving labetalol HCI. Labetalo! HCI does not abolish the inotropic action of digitalis on heart 
muscle. 

In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, continued 
depression of the myocardium with beta-blocking agents over a period of time can. in some cases. 
lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be 
fully digitalized and/or be given a diuretic, and the response should be observed closely. If cardiac 
failure continues despite adequate digitalization and diuretic, Trandate* therapy should be withdrawn 
(gradually, if possible). 

Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 
reported upon labetalol HC! discontinuation. However, hypersensitivity to catecholamines has been 
observed in patients withdrawn from beta-blocker therapy; exacerbation of angina and, in some 
cases, myocardial infarction have occurred after abrupt discontinuation of such therapy. When dis- 
continuing chronically administered Trandate, particularly in patients with ischemic heart discase, the 
dosage should be gradually reduced over a period of one to two weeks and the patient should be 
carefully monitored. If angina markedly worsens or acute coronary insufficiency develops, Trandate 
administration should be reinstituted promptly, at least temporarily, and other measures appropriate 
for the management of unstable angina should be taken. Patients should be warned against interrup- 
tion or discontinuation of therapy without the physician's advice. Because coronary artery disease is 
common and may be unrecognized, it may be prudent not to discontinue Trandate therapy abruptly 
even in patients treated only for hypertension. 

Nonallergic Bronchospasm (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 
disease should, in general, not receive beta-blockers. Trandate may be used with caution, however, 
in patients who do not respond to. or cannot tolerate, other antihypertensive agents. It is prudent, if 
Trandate is used. to use the smallest effective dose, so that inhibition of endogenous or exogenous 
beta-agonists is minimized. 

Pheochromocytoma: Labetalol HC! has been shown to be effective in lowering blood pressure and 
relieving symptoms in patients with pheochromocytoma. However, paradoxical hypertensive 
responses have been reported in a few patients with this tumor; therefore, use caution when adminis- 
tering labetalol HCI to patients with pheochromocytoma. 

Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of pre- 
monitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important 
with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia; 
it may therefore be necessary to adjust the dose of antidiabetic drugs. 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy before major sur- 
gery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic activ- 
ity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see PRECAUTIONS: 
Drug Interactions). 

PRECAUTIONS: General: /mpaired Hepatic Function: Trandate* Tablets should be used with caution In 
patients with impaired hepatic function since metabolism of the drug may be diminished. 

Jaundice or Hepatic Dysfunction: (see WARNINGS). 

Information for Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
treated with labetalol HCI is warranted. This information is intended to aid in the safe and effective use 
of this medication. It is not a disclosure of all possible adverse or intended effects. While no incidence 
of the abrupt withdrawal phenomenon (exacerbation of angina pectoris) has been reported with 
labetalol HCI. dosing with Trandate Tablets should not be interrupted or discontinued without a physi- 
cian's advice. Patients being treated with Trandate Tablets should consult a physician at any signs or 
symptoms of impending cardiac failure or hepatic dysfunction (see WARNINGS). Also, transient 
scalp tingling may occur, usually when treatment with Trandate Tablets is initiated (see ADVERSE 
REACTIONS). 

Laboratory Tests: As with any new drug given over prolonged periods, laboratory parameters should 
be observed over regular intervals. In patients with concomitant illnesses. such as impaired renal 
function, appropriate tests should be done to monitor these conditions. 

Drug Interactions: In one survey, 2.3% of patients taking labetalol HCI in combination with tricyclic 
antidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. 
The contribution of each of the treatments to this adverse reaction is unknown, but the possibility of a 
drug interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor 
agonist drugs in patients with bronchospasm; therefore, doses greater than the normal antiasthmatic 
dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI. Since this could be 
explained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, 
special care should be used in establishing the dose required for blood pressure control in such 
patients. 

Synergism has been shown between halothane anesthesia and intravenously administered labetalol 
HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, high 
concentrations (3% or above) of halothane should not be used because the degree of hypotension will 
be increased and because of the possibility of a large reduction in cardiac output and an increase in 
central venous pressure. The anesthesiologist should be informed when a patient is receiving 
labetalol HCI. 

Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 
antihypertensive effects may occur. 
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Trandate* (labetalol hydrochloride) Tablets 


Drug/Laboratory Test Interactions: The presence of labetalol metabolites in the urine may result in 
falsely elevated levels of urinary catecholamines, metanephrine, normetanephrine, and vanillylman- 
delic acid when measured by fluorimetric or photometric methods. In screening patients suspected of 
having a pheochromocytoma and being treated with labetalol HCI, a specific method, such as a high 
performance liquid chromatographic assay with solid phase extraction (eg. J Chromatogr 385: 
241.1987) should be employed in determining levels of catecholamines. 

Labetalol HCI has also been reported to produce a false-positive test for amphetamine when 
screening urine for the presence of drugs using the commercially available assay methods Toxi-Lab A* 
(thin-layer chromatographic assay) and Emit-d.a.u.* (radioenzymatic assay). When patients being 
treated with labetalol have a positive urine test for amphetamine using these techniques, confirmation 
should be made by using more specific methods, such as a gas chromatographic-mass spectrometer 
technique. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with labetalol 
HCI for 18 months in mice and for two years in rats showed no evidence of carcinogenesis. Studies 
with labetalol HCI using dominant lethal assays in rats and mice and exposing microorganisms 
according to modified Ames tests showed no evidence of mutagenesis. 

Pregnancy: Teratogenic Effects: Pregnancy Category C: Teratogenic studies were performed with 
labetalol in rats and rabbits at oral doses up to approximately six and four times the maximum recom- 
mended human dose (MRHD), respectively. No reproducible evidence of fetal malformations was 
observed. Increased fetal resorptions were seen in both species at doses approximating the MRHD. A 
teratology study performed with labetalol in rabbits at intravenous doses up to 1.7 times the MRHD 
revealed no evidence of drug-related harm to the fetus. There are no adequate and well-controlled 
studies in pregnant women. Labetalol should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

Nonteratogenic Effects: Transient hypotension, bradycardia, and hypoglycemia have been rarely 
observed in infants of mothers who were treated with labetalol HCI for hypertension during preg- 
nancy. Oral administration of labetalol to rats during late gestation through weaning at doses of two 
to four times the MRHD caused a decrease in neonatal survival. 

Labor and Delivery: Labetalol HCI given to pregnant women with hypertension did not appear to affect 
the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when Trandate Tablets are administered to a 
nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects are mild and transient and occur early in the course of 
treatment. In controlled clinical trials of three to four months' duration, discontinuation of Trandate* 
Tablets due to one or more adverse effects was required in 7% of all patients. In these same trials, 
beta-blocker control agents led to discontinuation in 8% to 10% of patients, and a centrally acting 
alpha-agonist led to discontinuation in 30% of patients. 

The following adverse reactions were derived from multicenter. controlled clinical trials over treat- 
ment periods of three and four months. The rates, which ranged from less than 1% to 5% except as 
otherwise noted. are based on adverse reactions considered probably drug-related by the investiga- 
tor. If all reports are considered, the rates are somewhat higher (eg. dizziness, 20%; nausea, 14%: 
fatigue, 11%). 

Body as a Whole: Fatigue, asthenia, headache. Gastrointestinal: Nausea (6%), vomiting, dyspep- 
sia. diarrhea, taste distortion. Central and Peripheral Nervous Systems: Dizziness (11%), 
paresthesia, drowsiness. Autonomic Nervous System: Nasal stuffiness. ejaculation failure, impo- 
tence, increased sweating. Cardiovascular: Edema, postural hypotension. Respiratory: Dyspnea. 
Skin: Rash. Special Senses: Vision abnormality, vertigo. 

The adverse effects were reported spontaneously and are representative of the incidence of 
adverse effects that may be observed in a properly selected hypertensive patient population, ie, a 
group excluding patients with bronchospastic disease, overt congestive heart failure. or other contra- 
indications to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2,400 mg in more severely hyperten- 
sive patients. The US therapeutic trials data base for adverse reactions that are clearly or possibly 
dose-related shows that the following side effects increased with increasing dose: dizziness, fatigue, 
nausea, vomiting, dyspepsia. paresthesia, nasal stuffiness, ejaculation failure, impotence, and 
edema. 

In addition, a number of other less common adverse events have been reported: 

Body as a Whole: Fever. Cardiovascular: Postural hypotension, including, rarely, syncope. Central 
and Peripheral Nervous Systems: Paresthesia, most frequently described as scalp tingling. In most 
cases, it was mild and transient and usually occurred at the beginning of treatment. Collagen Dis- 
orders: Systemic lupus erythematosus, positive antinuclear factor. Eyes: Dry eyes. Immunological 
System: Antimitochondrial antibodies. Liver and Biliary System: Hepatic necrosis, hepatitis, chole- 
static jaundice, elevated liver function tests. Musculoskeletal System: Muscle cramps, toxic myopathy. 
Respiratory System: Bronchospasm. Skin and Appendages: Rashes of various types, such as gener- 
alized maculopapular, lichenoid, urticarial, bullous lichen planus, psoriaform, and facial erythema; 
Peyronie's disease; reversible alopecia. Urinary System: Difficulty in micturition, including acute 
urinary bladder retention. 

Following approval for marketing in the United Kingdom, a monitored release survey involving 
approximately 6,800 patients was conducted for further safety and efficacy evaluation of this prod- 
uct. Results of this survey indicate that the type, severity, and incidence of adverse effects were 
comparable to those cited above. 

Potential Adverse Effects: In addition, other adverse effects not listed above have been reported with 
other beta-adrenergic blocking agents. Central Nervous System: Reversible mental depression pro- 
gressing to catatonia, an acute reversible syndrome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, slightly clouded sensorium, and decreased per- 
formance on psychometrics. Cardiovascular: Intensification of A-V block (see CONTRAINDICA- 
TIONS). Allergic: Fever combined with aching and sore throat, laryngospasm, respiratory distress. 
Hematologic: Agranulocytosis, thrombocytopenic or nonthrombocytopenic purpura. Gastrointesti- 
nal: Mesenteric artery thrombosis, ischemic colitis. The oculomucocutaneous syndrome associated 
with the beta-blocker practolol has not been reported with labetalol HCI. 

Clinical Laboratory Tests: There have been reversible increases of serum transaminases in 4% of 
patients treated with labetalol HCI and tested and, more rarely, reversible increases in blood urea. 
OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full pre- 
scribing information. 

DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial dos- 
age is 100 mg twice daily whether used alone or added to a diuretic regimen. After two or three days, 
using standing blood pressure as an indicator, dosage may be titrated in increments of 100 mg bid 
every two or three days. The usual maintenance dosage of labetalol HCI is between 200 and 400 mg 
twice daily. Before use, see complete prescribing information for dosage details. 
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QUINIDEX 
EXTENTABS” 


(Quinidine Sulfate Extended- 
release Tablets, USP) 300 mg 


The following is a brief summary Bovis Before prescribing, see complete prescribing 

information in Quinidex product label 

Contraindications: Intraventricular cies defects. Complete A-V block. A-V 

conduction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 

rhythms due to escape mechanisms. Idiosyncrasy or hypersensitivity to quinidine or 

related cinchona derivatives. Myasthenia gravis. 

Warnings: in the treatment of atrial flutter, reversion to sinus rhythm may be preceded 

by a progressive reduction in the degree of A-V block to a 1:1 ratio, resulting in an 
rapid ventricular rate. This possible hazard may be reduced by digitalization 

prior to administration of quinidine. 

Reports in the literature indicate that serum concentrations of digoxin may increase 
and may even double when quinidine is administered concurrently. Patients on 
concomitant therapy should be carefully monitored for digitalis toxicity. Reduction of 
digoxin dosage may have to be considered. 

Manifestations of quinidine cardiotoxicity such as excessive prolongation of the QT 
interval, widening of the QRS complex and ventricular tachyarrhythmias mandate 
— discontinuation of the drug and/or close clinical and electrocardiographic 
monitoring. 

In susceptible individuals, such as those with marginally compensated cardiovascular 
disease, quinidine may produce clinically important depression of cardiac function 

manifested by hypotension, bradycardia, or heartblock. Quinidine therapy should be 
carefully monitored in such individuals. 

Quinidine should be used with extreme caution in patients with incomplete AV block 
since complete AV block and asystole may be produced. Quinidine may cause 
abnormalities of cardiac rhythm in digitalized patients and therefore should be used with 
Caution in the presence of digitalis intoxication, 

Quinidine should be used with caution in patients exhibiting renal, cardiac or hepatic 
insufficiency because of potential accumulation of quinidine in serum, leading to toxicity. 
Patients taking quinidine occasionally have syncopal episodes which usually result 

from ventricular tachycardia or fibrillation. This syndrome has not been shown to be 
related to dose or serum levels. Syncopal episodes frequently terminate spontaneously or 
in response to treatment, but sometimes are fatal. 

Cases of hepatotoxicity, including granulomatous hepatitis, due to quinidine 
hypersensitivity have been reported. Unexplained fever and/or elevation of hepatic 
enzymes, particularly in the early stages of therapy, warrant consideration of possible 
hepatotoxicity. Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these cases usually results in the disappearance of toxicity. 

Precautions: Genera/—aA\l the precautions applying to regular quinidine therapy 
apply to this product. Hypersensitivity or anaphylactoid reactions to quinidine, although 
rare, should be considered, especially during the first weeks of therapy. Hospitalization 
for close clinical observation, electrocardiographic monitoring, and determination of 
serum quinidine levels are indicated when large doses of quinidine are used or with 
patients who present an increased risk. 

Information for Patients — As with all solid dosage medications, Quinidex 
Extentabs should be taken with an adequate amount of fluid, preferably with the patient in 
an upright position to facilitate swallowing. They should be swallowed whole in order to 
preserve the controlled-release mechanism. 

Laboratory Tests — Periodic blood counts and liver and kidney function tests should 
be performed during long-term therapy; the drug should be discontinued if blood 
dyscrasias or evidence of hepatic or renal dysfunction occurs. 

Drug Interactions 


Effect 
Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs Antagonism of cholinergic effects 


Quinidine with carbonic anhy- Alkalinization of urine 
drase inhibitors, sodium resulting in decreased 
bicarbonate, thiazide diuretics excretion of quinidine 
Quinidine with coumarin Reduction of clotting 
anticoagulants factor concentrations 
Quinidine with tubocurare, Potentiation of neuro- 
succinylcholine and muscular blockade 
decamethonium 
Quinidine with phenothiazines Additive cardiac 
and reserpine depressive effects 
Quinidine with hepatic enzyme- Decreased plasma 
inducing drugs (phenobarbital, half-life of quinidine 
phenytoin, rifampin) 
Quinidine with digoxin Increased serum concentration of 
digoxin (See Warnings) 
Quinidine with amiodarone Increased serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine half-life and an 
increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions 
and/or bigeminy 
Quinidine with verapamil Increased quinidine half-life and an increase in 
serum quinidine level; potential 
hypotensive reactions 
Quinidine with nifedipine Decreased serum concentrations of quinidine 


Carcinogenesis: Studies in animals have not been performed to evaluate the carcino- 
genic potential of quinidine. 

, Teratogenic Effects: Pregnancy Category C. Animal reproduction 
studies have not been conducted with quinidine. There are no adequate and well- 
controlled studies in pregnant women. Quinidex Extentabs should be administered to a 
ixi sn tine only if clearly indicated. 

togenic Effects: Like quinine, quinidine has been reported to have oxytocic 
— The significance of this property in the clinical setting has not been 


hy; viet Delivery — There is no known use for Quinidex Extentabs in labor and 
delivery. However, quinidine has been reported to have oxytocic properties. The 
significance of this property in the clinical setting has not been established. 
Nursing Mothers— Because of passage of the drug into breast milk, caution should 
be exercised when Quinidex Extentabs are administered to a nursing woman. 
Pediatric Use— There are no adequale and well-controlled studies establishing the 
safety and effectiveness of Quinidex Extentabs in children. 
Miverse Reactions: Symploms of cinchonism, such as ringing in the ears, loss of 
hearing, dizziness, lightheadedness, headache, nausea, and/or disturbed vision may 
appear in sensitive patients after a single dose of the drug. The most frequently 
encountered side effects to quinidine are gastrointestinal. 
Gastrointestinal — Nausea, vomiting, abdominal pain, diarrhea, anorexia, 
granulomatous hepatitis (which may be preceded by fever), esophagitis. 
Cardiovascular—Ventricular extrasystoles occurring at a rale of one or more every 6 
normal beats; widening of the QRS complex and prolonged QT interval; complete A-V 
block; ventricular tachycardia and fibrillation; ventricular flutter; torsade de pointes; 
arterial embolism; hypotension; syncope 
Central Nervous fie ir i vertigo, apprehension, excitement, 
confusion, delirium, reir ataxia, depression. 
and Otologic — Disturbed hearing (tinnitus, decreased auditory 
acuity), disturbed vison (mydriasis, blurred vision, disturbed color perception 
ey nde diplopia, night blindness, scotomata), optic neuritis, reduced visual field. 
Dermatologic—Cutaneous flushing with intense pruritus, photosensitivity, urticaria, 
rash, eczema, exfoliative eruptions, phe iran abnormalities of pigmentation. 
Hypersensitivity — Angioedema, acute asthmatic episode, vascular collapse, respira- 
tory arrest, hepatotoxicity, granulomatous heall (See Warnings), purpura, vasculitis. 
Hematologic — Thrombocytopenia, thrombocytopenic purpura, agranulocytosis, 
acute hemolytic anemia, hypoprothrombinemia, leukocytosis, shift to left in WBC 


, neutropenia. 
Immunologic— Systemic lupus erythematosus, lupus nephritis. 
Miscellaneous—Fever, increase in serum ec tice creatine phosphokinase, 


arthralgia, myalgia. 
Rev. October 1987 
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With Synchrony, bradycardia 
pacing therapy will never be 


Since it's a sensor-controlled 
DDDR pacemaker, Synchrony 
assures both AV synchrony and 
rate modulation during all levels 
of physical activity. 

For patients like 39-year-old junior 
high school biology teacher and 
weekend basketball player Gary 
Norgan, whose first Conventional 
DDD pacemaker caused him to 
tire easily, "Synchrony turned my 


Sensor- Controlled 
hamber 


Dual-C 
Pacing 





For 33-year-old real estate execu- 
tive Deborah Rurik, sinus brady- 
cardia and second-degree heart 
block severely restricted her life. It 
forced her to give up aerobics and, 
even worse, limited an active life 
with her 6-year-old daughter. 

Now, thanks to Synchrony, that's 
all changed. And as Deborah 
happily says, “Synchrony gave me 
my life back.” 


Pacesetter | 
Systems, Inc. (9) q 
Sg) Syston in : k | 


MODEL 20207  DODR 













The world leader in DDD pacing introduces DDDR. 








And for 80-year-old Charles 
Linfesty, D.D.S., who lifts weights, 
exercises on a stationary cycle, 
uses a trampoline, trapshoots, and 
just completed a 23-day fishing trip 
off Baja and Panama, "Synchrony 
has given me back my freedom: 


Synchrony makes all the difference 
in their lives, and can make all the dif- 
ference in your patients lives, too. 


For more information, contact your 
local Pacesetter representative, or 
call toll-free (800) 777-2237 


Now, the world leader in DDD pac- 
ing introduces DDDR: Synchrony. 


It changes pacing for life: 


Q Pacesetter” Systems, Inc. 


A Siemens Company 


12884 Bradley Avenue 
Sylmar, CA 91342 
(800) 777-2237 


VHETHER ISCHEMIA 
STRIKES WITH 
PAINFUL VIOLENCE... 


TENORMIN reduces more than Numerous studies demonstrate significantly improves exercise 
just painful myocardial ischemia. significant reductions in the tolerance and reduces the 

It reduces painless ischemia as frequency and duration of need for PRN nitroglycerin.'? 
well. Alone or in combination asymptomatic ST-segment It provides fundamental 
regimens, it lowers the patients depression." ischemic protection, making 


total ischemic burden.* In addition, TENORMIN it an integral part of any 
ICI PHARMA antianginal regimen. 


Division of ICI Americas Inc. *Tho «iim nf nainfiil and nainlace anicadac 





Or TOTAL SILENCE. 


ONE TABLETA DAY 


propers Te NOR 


See following page for brief summarv of prescribing information. 


ORMIM 
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E TABLETA DAY 





(atenolol) 


Protects THe HEART > 
FROM PAINFUL AND PAINLESS ISCHEMIA. 





A beta,-selective (cardioselective) blocking agent. 


DESCRIPTION: TENORMIN (atenolol), a synthetic, beta,-selective (cardioselective) adrenoreceptor 
blocking agent, may be chemically described as benzeneacetamide, 4-[2'-hydroxy-3'-[(1-methyl- 
ethyl) amino] propoxy]-. Atenolol (free base) has a molecular weight of 266. It is a relatively polar 
hydrophilic compound with a water solubility of 26.5 mg/mL at 37°C and a log partition coefficient 
(octanol/water) of 0.23. It is freely soluble in 1N HCI (300 mg/mL at 25° C) and less soluble in 
chloroform (3 mg/mL at 25°C). 

TENORMIN is available as 50 mg and 100 mg tablets for oral administration. 

hace ingredients: magnesium stearate, microcrystalline cellulose, povidone, sodium starch 

colate. 

DICATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management of 
hypertension. It may be used alone or concomitantly with other antihypertensive agents, particularly 
with a thiazide-type diuretic. 

Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term 
management of patients with angina pectoris. 

CON NDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater 
than first degree, cardiogenic shock, and overt cardiac failure. (See WARNINGS.) 

WARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory 
function in congestive heart failure, and beta blockade carries the potential hazard of further 
depressing myocardial contractility and precipitating more severe failure. In hypertensive patients who 
have congestive heart failure controlled by digitalis and diuretics, TENORMIN should be administered 
cautiously. Both digitalis and atenolol slow AV conduction. 

In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with 
beta-blocking agents over a period of time can, in some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients should be fully digitalized and/or be given a 
diuretic and the response observed closely. If cardiac failure continues despite adequate digitali- 
zation and diuresis, TENORMIN should be withdrawn. (See Dosage and Administration.) 


Cessation of Therapy With TENORMIN: Patients with coronary artery disease, who are being 
treated with TENORMIN, should be advised against abrupt discontinuation of therapy. Severe 
exacerbation of angina and the occurrence of myocardial infarction and ventricular arrhythmias 
have been reported in angina patients following the abrupt discontinuation of therapy with other 
beta blockers. The last two complications may occur with or without preceding exacerbation of 
the angina pectoris. To date, there has been no report of myocardial infarction or severe angina 
upon withdrawal of TENORMIN, probably due to its long plasma half-life. Because of the 
problems encountered with other beta blockers, when discontinuation of TENORMIN is planned, 
the patients should be carefully observed and advised to limit physical activity to a minimum. If 
the were worsens or acute coronary insufficiency develops, it is recommended that 
TENORMIN be promptly reinstituted, at least temporarily. (See Dosage and Administration.) 


Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
GENERAL, NOT RECEIVE BETA BLOCKERS. Because of its relative beta, selectivity, however, 
TENORMIN may be used with caution in patients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihypertensive treatment. Since beta, selectivity is not 
absolute, the lowest ble dose of TENORMIN should be used with therapy initiated at 
50 mg, and a beta»-stimulating ip igh poema should be made available. If dosage 
must be i , dividing the should be considered in order to achieve lower peak 
blood levels. 

Anesthesia and Major Surgery: As with all beta-receptor blocking drugs it may be decided to 
withdraw TENORMIN before surgery. In this case, 48 hours should be allowed to elapse between the 
last dose and anesthesia. If treatment is continued, care should be taken when using anesthetic 
agents which depress the myocardium such as ether, cyclopropane, and trichloroethylene. 

TENORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and ils 
effects on the heart can be reversed by administration of such agents (eg, dobutamine or isoproterenol 
with caution— see section on Overdosage). Manifestations of excessive vagal tone (eg. profound 
bradycardia, hypotension) may be corrected with atropine (1-2 mg IV). 

Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a 
beta-blocking agent is required. Beta blockers may mask tachycardia occurring with hypoglycemia, 
but other manifestations such as dizziness and sweating may not be significantly affected. 
TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective beta 
blockers, does not delay recovery of blood glucose to normal levels. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of 
hyperthyroidism. Abrupt withdrawal of beta blockade might pes itate a thyroid storm; therefore, 
patients suspected of developing thyrotoxicosis from whom TENORMIN therapy is to be withdrawn 
should be monitored closely. (See orage and Administration.) 

PRECAUTIONS: Impaired Renal Function: The drug should be used with caution in patients with 
impaired renal function. (See Dosage and Administration.) 

Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect 
when given with beta-blocking agents. Patients treated with TENORMIN plus a catecholamine 
depletor should therefore be closely observed for evidence of hypotension and/or marked 
bradycardia which may produce vertigo, syncope, or postural hypotension. 

Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine 
PON the beta blocker should be discontinued several days before the gradual withdrawal of 
clonidine. 


















S, is, Impairment of Fertility: Two long-term (maximum dosing duration 
of 18 or 24 months) rat studies and one long-term (maximum dosing duration of 18 months) mouse 
study, each employing dose levels as high as 300 mg/kg/day or 150 times the maximum 
recommended human dose, did not indicate a carcinogenic potential in rodents. Results of various 
mutagenicity studies support this finding. 

Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the 
maximum recommended human dose) was unaffected by atenolol administration 

Animal Toxicology: Chronic studies performed in animals have revealed the occurrence of 
vacuolation of epithelial cells of Brunner's glands in the duodenum of both male and female dogs at all 
tested dose levels of atenolo! (starting at 15 mg/kg/day or 7.5 times the maximum recommended 
human dose). and increased incidence of atrial degeneration of hearts of male rats at 300 mg but not 
150 mg atenolol/kg/day (150 and 75 times the maximum recommended human dose, respectively). 
USAGE IN PRE Y: Pregnancy Category C. Atenolol has been shown to produce a dose- 
related increase in embryo/fetal resorptions in rats at doses equal to or greater than 50 mg/kg/day or 
25 or more times the maximum recommended human dose. Although similar effects were not seen in 
rabbits, the compound was not evaluated in rabbits at doses above 25 mg/kg/day or 12.5 times the 
maximum recommended human dose. There are no adequate and well-controlled studies in pregnant 
women. TENORMIN should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared 
to the concentration in plasma. Caution should be exercised when TENORMIN is administered to a 


nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been established. 
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ADVERSE REACTIONS: Most adverse effects have been mild and transient. Frequency estimates 
were derived from controlled studies in which adverse reactions were either volunteered by the patient 
(US studies) or elicited, eg, by checklist (foreign studies). The reported frequency of elicited adverse 
effects was higher for both TENORMIN (atenolol) and placebo-treated patients than when these 
reactions were volunteered. Where frequency of adverse effects for TENORMIN and placebo is similar, 
causal relationship to TENORMIN is uncertain. 

The following adverse-reaction data present frequency estimates in terms of percentages: first from 
the US studies (volunteered side effects) and then from both US and foreign studies (volunteered and 
elicited side effects): 

US STUDIES (% ATENOLOL-% PLACEBO): 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%), postural hypotension 
(2%-1%), leg pain (0%-0.5% 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0.5%), 
lightheadedness (1%-0%), tiredness (0.6%-0.5%), fatique (3%-1%), lethargy (1%-0%), drowsiness 
(0.6%-0%), depression (0.6%-0.5%), dreaming (096-096) 

GASTROINTESTINAL: diarrhea (296-096), nausea (496-196) 

RESPIRATORY (see WARNINGS): wheeziness (096-095), dyspnea (0.696-196) 

TOTALS US AND FOREIGN STUDIES: 

CARDIOVASCULAR: bradycardia (396-096), cold extremities (1296-596), postural hypotension 
(496-596), leg pain (396-196) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (1396-696), vertigo (2%-0.2%), 
lightheadedness (396-0. 796), tiredness (2696-1396), fatigue (696-596), lethargy (3%-0.7%), drowsiness 
(2%-0.5%), depression (1296-996), dreaming (396-196) 

GASTROINTESTINAL: diarrhea (396-296), nausea (396-196) 

RESPIRATORY (see WARNINGS): wheeziness (396-396), dyspnea (696-496) 

MISCELLANEOUS: There have been reports of skin rashes and/or dry eyes associated with the use 
of beta-adrenergic blocking drugs. The reported incidence is small and, in most cases, the symptoms 
have cleared when treatment was withdrawn. Discontinuance of the drug should be considered if any 
ne reaction is not otherwise explicable. Patients should be closely monitored following cessation of 
therapy. 

POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reported with 
other beta-adrenergic blocking agents, and may be considered potential adverse effects of 
TENORMIN 

HEMATOLOGIC: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

ALLERGIC: Fever, combined with aching and sore throat, laryngospasm, and respiratory distress. 

CENTRAL NERVOUS SYSTEM: Reversible mental depression progressing to catatonia, visual 
disturbances, hallucinations, an acute reversible syndrome characterized by disorientation of time 
and place, short-term memory loss, emotional lability with slightly clouded sensorium, decreased 
performance on neuropsychometrics. 

GASTROINTESTINAL: Mesenteric arterial thrombosis, ischemic colitis. 

OTHER: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud's phenomenon. 

MISCELLANEOUS: The oculomucocutaneous syndrome associated with the beta blocker practolol 
has not been reported with TENORMIN during investigational use and foreign marketing experience. 
Furthermore, a number of patients who had previously demonstrated established practolol reactions 
were transferred to TENORMIN therapy with subsequent resolution or quiescence of the reaction. 
OVERDOSAGE: To date, there is no known case of acute overdosage, and no specific information on 
emergency treatment of overdosage is available. The most common effects expected with overdosage 
of a beta-adrenergic blocking agent are bradycardia, congestive heart failure, hypotension, 
bronchospasm, and hypoglycemia 

In the case of overdosage, treatment with TENORMIN should be stopped and the patient carefully 
observed. TENORMIN can be removed from the general circulation by hemodialysis. In addition to 
gastric lavage, the following therapeutic measures are suggested if warranted: 

BRADYCARDIA: Atropine or another anticholinergic drug. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoproterenol 
or norepinephrine may be useful in addition to atropine and digitalis. 

BRONCHOSPASM: Aminophylline, isoproterenol, or atropine. 

HYPOGLYCEMIA: Intravenous glucose. 

DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as 
one tablet a day either alone or added to diuretic therapy. The full effect of this dose will usually be 
seen within 1 to 2 weeks. If an optimal response is not achieved, the dosage should be increased to 
TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a day is unlikely 
to produce any further benefit 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including 
thiazide-type diuretics, hydralazine, prazosin, and alpha-methyldopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optimal 
response is not achieved within 1 week, the dosage should be increased to TENORMIN 100 mg given 
as one tablet a day. Some patients may require a dosage of 200 mg once a day for optimal effect. 

Twenty-four-hour control with once-daily dosing is achieved by giving doses larger than necessary 
to achieve an immediate maximum effect. The maximum early effect on exercise tolerance occurs 
with doses of 50 to 100 mg, but at these doses the effect at 24 hours is attenuated, averaging about 
50% to 75% of that observed with once-a-day oral doses of 200 mg. 

Patients with Renal Impairment: Since TENORMIN is excreted via the kidneys, dosage 
should be adjusted in cases of severe impairment of renal function. No significant accumulation of 
TENORMIN occurs until creatinine clearance falls below 35 mL/min/1.73 m? (normal range is 
100-150 mL/min/1.73 m2); therefore, the following maximum dosages are recommended 
for patients with renal impairment: 


Creatinine Clearance Atenolol 
(mL/min/1.73 m?) Elimination Half-life (h) Maximum Dosage 
15-35 16-27 50 mg daily 
<15 >27 50 mg every other day 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under 
hospital supervision as marked falls in blood pressure can occur. 

Cessation of Therapy: lí withdrawal of TENORMIN therapy is planned, it should be achieved __ 
gradually over a pore | of about 2 weeks. Patients should be carefully observed and advised to limit 
bic sical activity lo a minimum. 
HOW SUPPLIED: Tablets of 50 mg atenolol, NDC 0310-0105 (round, flat, uncoated white tablets _ 
identified with ICI debossed on one side and 105 debossed on the other side, bisected) are supplied 
in bottles of 100 tablets and unit-dose R ckages of 100 tablets. ; : n 

Tablets of 100 mg atenolol, NDC 0310-0101 (round, flat, uncoated white tablets identified with ICI 
debossed on one side and 101 debossed on the other side) are supplied in bottles of 100 tablets and 
unit-dose packages of 100 tablets. 

Protect from heat, light, and moisture. 

A/11/86 


References: 1. Quyyumi AA, Crake T, Wright CM, et al: Medical treatment of patients with severe 
exertional and rest angina: Double blind comparison of beta blocker, calcium antagonist, and nitrate. 
Br Heart J 1987;57:501-511, 2. Findlay IN, Dargie HJ: The effects of nifedipine, atenolol and that 
combination on left ventricular function. RA e Med J 1983,59 Supp! ):70-73. 3. Schwartz JB: 
Atenolol in the treatment of angina: Once daily cardioselective B-blockade for angina pectoris. Drugs 
1983;25(suppl 2):160-165 
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CORONARY ARTERY DISEASE 


oo | ONES Ge RES HO B Cit I DONNER EE Re Onur emer Mig OP Re re 
Late Ventricular Dilatation in Survivors of Acute Myocardial 
infarction 

Niels Gadsbgll, Poul-Flemming Hgilund-Carlsen, Jens Henrik Badsberg, 
Poul Stage, Jens Marving, Harald Lønborg-Jensen, and 

Birte Hjort Jensen 


Fifty-seven patients were examined 2 weeks and 1 year after acute myo- 
cardial infarction by a radionuclide method allowing determination of 
absolute left ventricular (LV) volumes and ejection fraction. After 1 year 
the patients had fewer clinical and radiographic signs of heart failure, but 
median end-diastolic volume index had increased from 92 to 112 ml/m? (p 
<0.001), median end-systolic volume index from 51 to 65 ml/m? (p 
<0.001) and median stroke volume index from 39 to 47 ml/m? (p 
« 0.001). No significant change was observed in median LV ejection 
fraction (0.41 vs 0.43; p = 0.82). Patients with first anterior infarct had 
significantly greater increases in end-diastolic volume index, end-systolic 
volume index and stroke volume index than patients with first inferopos- 
terior infarcts, and late ventricular dilatation was more pronounced in 
patients with clinical manifestations of heart failure than in patients with- 
out these signs. 


D, CY APER MINES ORE Or SRE LE Sn BO UR AOL ESE dos ted A 
Emergency Percutaneous Cardiopulmonary Bypass Support in 
Cardiogenic Shock from Acute Myocardial Infarction 

Fayaz A. Shawl, Michael J. Domanski, Tomas J. Hernandez, and 
Sudhakar Punja 


We report the results of emergency percutaneous cardiopulmonary bypass 
support in 8 consecutive patients, ages 42 to 80 years, with acute myocar- 
dial infarction complicated by cardiogenic shock of «4 hours' duration. 
Two patients were in cardiac arrest. The remaining 6 had a mean blood 
pressure of 43 to 55 mm Hg before the bypass. We inserted percutaneous- 
ly 20Fr cannulas into the femoral artery and vein. Flow rates of 3.2 to 5.2 
liters/min (mean 4.0) were achieved. Two patients in cardiac arrest re- 
gained consciousness during ventricular fibrillation or asystole. Seven 
patients had successful angioplasty of 15 of 16 lesions attempted, and 
dilation of the infarct-related vessels was achieved in all. One patient with 
anatomy unsuitable for either angioplasty or bypass surgery died. The 
most frequent complication was the need for blood transfusion. One pa- 
tient required surgical repair of the femoral artery. All 7 patients are alive 
at a mean follow-up of 8.2 months. 


Continued on page A26 
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Simply Revolutionary 
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Mix and match 
patient parameter 
modules, racks, 
printers, record- 
ers, and displays. 


Simply put: It's revolutionary. 
The patient monitoring system 
that has it all. Sophisticated 
data management; information 
reliability; unprecedented 
versatility with a comprehen- 
sive range of interchangeable 
parameter modules for the 
ICU/CCU; intuitive operation 
for ease of use; color displays 
for enhanced readability; 
flexibility to customize screens, 
printed reports, and graphical 
and tabular trends; bedside 
recorder for real-time and 
delayed alarm recording; stor- 
age and printout of patient's 
vital signs over the past 24 or 
48 hours; and component 
modularity for affordability 
and guaranteed upgradabil- 
ity. Introducing the HP Com- 
ponent Monitoring System. 


Now data management is 
as easy as 1, 2, 3. 

Literally. Because our Compo- 
nent Monitoring System does 
for patient information what 
the electronic spreadsheet 
did for business management. 
Powerful pre-programmed 
calculations let you see hemo- 
dynamic, oxygenation, and 
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Satellite rack can be mounted in 
remote locations for maximum 
convenience and accepts extra 
parameter modules for additional 
measurements. 


Modular compo- Simplicity itself: 
nents separate intuitive opera- 
so you can cus- tion, built-in 
tomize systemto training database, 
your needs, the and on-screen 
patient’s needs, ‘‘help’’ and 

and the physical prompts simplify 
layout of the learning for 
room. nurses and staff. 





ventilation results on-screen 
already calculated in tabular 
format. Now imagine printing 
that information at the bed- 
side—in any configuration 
you want, with only the in- 
formation you want—with all 
important patient informa- 
tion marked and annotated. 


Information when you 
need it. 

Instantly. With on-screen ac- 
cess to complete physiological 
information. Now you can 
make diagnostic decisions 
more quickly, easily, and con- 
fidently. And, you can even 
make them at home or in your 
office with a computer via 

a modem. You’ll also find it 


* easier than ever to check car- 


diac output and wedge pres- 
sures. And another feature 
you'll appreciate is that every 
screen, chart, or printout is 


VISIT HP BOOTH 2203 AT AHA 


formatted with a patient ID 
for accuracy and convenience. 


Information where you 
want it. 

Allin one place. In one system, 
on one screen. And thanks 

to component modularity, 

you can mix and match patient 
parameter modules, satellite 
racks, printers, recorders, and 
displays to tailor that informa- 
tion to your specific needs. 


System updateability 
protects your investment. 
HP gives you exactly what you 
want or can afford now, and 
lets you add different capabili- 
ties later. You can even incor- 
porate future technology as 
it's made available. But that's 
not all. There's also Hewlett- 
Packard's system reliability 
and unmatched service and 
support. So whether you 
want an easy-to-use patient 
monitoring system that's the 
most advanced, the most 
powerful, or the most versatile, 
the choice is simple. It's HP's 
revolutionary new Compo- 
nent Monitoring System. Call 
your local HP representative 
and ask for a demonstration. 
It's that simple. 


The new revolution in 
patient monitoring. 


U 
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PACKARD 





© 1989 Hewlett-Packard MG03902 


decas ELE ER GRE SPESE II Sevan RA HE LP s RON SMS HE LIB GL EN CEST Ie A) AA eal UM 
CONTENTS/ABSTRACTS 


afi o CS RS SS SN QN oa A DC dE 
Changes in Plasma Vitamin Levels in the First 48 Hours After 
Onset of Acute Myocardial Infarction 

Robert Scragg, Rodney Jackson, lan Holdaway, Gerald Woollard, and 
David Woollard 


To establish whether plasma vitamin measurements made after acute 
myocardial infarction (AMI) can be used in case-control studies of coro- 
nary artery disease, the short-term effect of AMI on plasma concentra- 
tions of 25-hydroxyvitamin D3, beta-carotene, vitamin E and retinol was 
investigated. Sequential measures of these vitamins were made during the 
first 48 hours after AMI in 13 patients admitted to the hospital within 
4 hours after the onset of symptoms. Plasma levels of 25-hydroxyvitamin 
D did not change significantly during the first 12 hours after onset of 
symptoms. Beta-carotene levels increased significantly (p «0.05) during 
the first 12 hours and then decreased, whereas levels of vitamin E and 
retinol progressively decreased during the first 48 hours by 26 and 25%, 
respectively. These results suggest that, of these vitamins, only plasma 
measurements of 25-hydroxyvitamin D; collected within 12 hours of onset 
of symptoms may provide reliable information for case-control studies of 
AMI. 


975 
Oxygen Delivery, Oxygen Consumption and Hemoglobin- 
Oxygen Affinity in Acute Myocardial Infarction 

Tsutomu Sumimoto, Yasuo Takayama, Toshiji lwasaka, Tetsuro Sugiura, 
Masaharu Takeuchi, Noritaka Tarumi, Hirofumi Takashima, and 

Mitsuo Inada 





Oxygen delivery (DO), oxygen consumption (VO;) and hemoglobin- 
oxygen affinity assessed by Ps were investigated in 43 patients with acute 
myocardial infarction. A significant decrease in VO, and a significant 
increase in P5o were observed as DO» declined due to low cardiac output. 
In the DO; range between 300 and 450 ml/min /m?, in which the DO; of 
the 32 survivors and 11 nonsurvivors overlapped, the Po of nonsurvivors 
was significantly higher than that of survivors but there were no significant 
differences in any other oxygen transport variables. As a result of differ- 
ences in Pso, VO; in this range was significantly higher in nonsurvivors 
compared to survivors. These data suggest that a normal or increased VO; 
alone does not ensure survival after acute myocardial infarction, and 
increased Ps leads to an increase in VO». Nevertheless, an marked in- 
crease in P5o in patients with acute myocardial infarction implies a precar- 
ious oxygen transport/requirement balance in peripheral tissue and, 
hence, a fatal outcome. 


980 
Balloon Dilatation of Symptomatic Subacute Intimal Dissection 
Presenting as Restenosis 

Howard D. Noveck, Lloyd W. Klein, Barry Kramer, Pierre Abi-Mansour, 
Joseph Rosenblum, and Michael Lesch 





Seventeen patients with demonstrated intimal dissections at the time of 
initial, successful percutaneous transluminal coronary angioplasty 
(PTCA) who had recurrence of symptoms 17.5 weeks (range 9 to 50) later 


Continued on page A33 
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Who's getting results 
on MEVACOR ? 


(LOVASTATIN /MSD) 


Patient A.F 
—Male, age 45 
— Severely obese 


— Elevated serum 
cholesterol — initial level 
296 mg/dL; 264 mg/dL 
after an adequate trial on 
diet and a cholesterol- 
lowering agent 


— After 12 months 
on MEVACOR, total 
cholesterol is 222 mg/dL 
(dosage: 20 mg once daily 
with the evening meal) 


Results with MEVACOR 
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MEVACOR is indicated as an adjunct to diet for the reduction of > ; pee p S 

: ot everyone will respond as did the patien 
elevated total and LDL cholesterol levels in patients with primary inthis yoolbatisl case history; HOWeARR THO 
hypercholesterolemia (Types IIa and IIb) when response to mean reduction in total cholesterol in clinical 
nonpharmacologic measures has been inadequate. MORE ee GROS UM 


MEVACOR is contraindicated in patients who are hypersensitive to any component of the 
medication; in patients with active liver disease or unexplained persistent transaminase 
elevations; in pregnant or lactating patients; and in women of childbearing age, except 
when such patients are highly unlikely to conceive. 


It is recommended that liver function tests be performed before treatment begins, every 
4 to 6 weeks during the first 15 months of therapy, and periodically thereafter in all patients. 


The effect of lovastatin-induced changes in serum lipoprotein levels, including reduction of 
serum cholesterol, on cardiovascular morbidity or mortality has not been established. 


For more details on warnings, precautions, and adverse reactions, including cautionary 
information regarding liver dysfunction, myopathy, and slit-lamp monitoring, please see 
Prescribing Information. 


For a Brief Summary of Prescribing Information, please see the following page. 





Copyright € 1989 by Merck & Co., INC TABLETS, 20 mg and 40 mg DOHME 


MEVACOR 


(LOVASTATIN | MSD) 


Now available as a 
40-mg tablet 





CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication. 

Active liver disease or unexplained persistent elevations of serum 
transaminases 

Pregnancy and lactation 

Atherosclerosis is a chronic process and the discontinuation of lipid- 
lowering drugs during DPA nor should have little impact on the outcome 
of long-term therapy of primary hypercholesterolemia. Moreover, 
cholesterol and other products of the cholesterol biosynthesis pathway 
are essential components for fetal err gine including synthesis of 
steroids and cell membranes. Because of the ability of inhibitors of HMG- 
CoA reductase such as MEVACOR® (Lovastatin, MSD) to decrease the 
synthesis of cholesterol and possibly other products of the cholesterol 
biosynthesis pathway, MEVACOR may cause fetal harm when admin- 
istered to a pregnant woman. Therefore, lovastatin is contraindicated 
during pregnancy. Lovastatin should be administered to women of 
childbearing age only when such patients are highly unlikely to conceive. 
If the patient becomes pregnant while taking this drug, lovastatin should 
a one and the patient should be apprised of the potential hazard 
0 the fetus 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more 
than 3 times the upper limit of normal) in serum transaminases 
occurred in 1.9% of adult patients who received lovastatin for at least 
one year in clinical trials (see ADVERSE REACTIONS). When the drug 
was interrupted or discontinued in these patients, the transaminase levels 
usually fell slowly to pretreatment levels. The increases usually appeared 
3 to 12 months after the start of therapy with lovastatin and were not 
associated with jaundice or other clinical signs or symptoms. There was 
no evidence of hypersensitivity. A liver biopsy was done in one of these 
patients and showed areas of focal hepatitis. In this patient, transaminase 
levels returned to normal following discontinuation of therapy. Some of 
these patients had abnormal liver function tests prior to lovastatin therapy 
and/or consumed substantial quantities of alcohol. 

It is recommended that liver function tests be performed before 
treatment begins, every 4 to 6 weeks during the first 15 months of 
therapy with lovastatin, and periodically thereafter in all patients. 
Special attention should be paid to patients who develop elevated serum 
transaminase levels, and in these patients, measurements should be 
repeated promptly and then performed more frequently. If the 
transaminase levels show evidence of progression, particularly if they rise 
to 3 times the upper limit of normal and are persistent, the drug should be 
discontinued. Liver biopsy should be considered if elevations are 
persistent beyond the discontinuation of the drug. 

The drug should be used with caution in patients who consume 
substantial quantities of alcohol and/or have a past history of liver 
disease. Active liver disease or unexplained transaminase elevations are 
contraindications to the use of lovastatin. 

As with other lipid-lowering agents, moderate (less than 3 times the 
upper limit of normal) elevations of serum transaminases have been 
reported following therapy with MEVACOR (see ADVERSE REACTIONS). 
These changes appeared soon after initiation of therapy with MEVACOR, 
were often transient, were not accompanied by any symptoms, and 
interruption of treatment was not required. 


Skeletal Muscle: Several cases of rhabdomyolysis have been asso- 
ciated with lovastatin therapy alone, when combined with immunosup- 
pressive therapy including cyclosporine in cardiac transplant patients, 
and when combined in non-transplant patients with either gemfibrozil 
or lipid-lowering doses (> 1 g/day) of nicotinic acid. Acute renal failure 
from de rt rior has been seen more commonly with the 
lovastatin-gemfibrozil combination and has also been reported in 
transplant patients receiving lovastatin plus cyclosporine. 

Rhabdomyolysis with or without renal impairment has been reported in 
seriously ill patients receiving erythromycin concomitantly with 
lovastatin. Therefore, patients receiving concomitant lovastatin and 
erythromycin should be carefully monitored. 

Fulminant rhabdomyolysis has been seen as early as 3 weeks after 
initiation of combined therapy with gemfibrozil and lovastatin but may 
be seen after several months. For these reasons, it is felt that in most 
subjects who have had an unsatisfactory lipid response to either drug 
alone, the possible benefits of combined therapy with lovastatin and 
gemfibrozil do not qemen a the risks of severe myopathy, rhabdo- 
myolysis, and acute renal failure. While it is not known whether this 
interaction occurs with fibrates other than gemfibrozil, myopathy and 
rhabdomyolysis have occasionally been associated with the use of 
other fibrates alone, including clofibrate. Therefore, the combined use 
of lovastatin with other fibrates should generally be avoided. 

Physicians contemplating combined therapy with lovastatin and 
lipid-lowering doses of nicotinic acid or with immunosuppressive 
drugs should carefully weigh the potential benefits and risks and 
should carefully monitor patients for any signs and symptoms of 
muscle pain, tenderness, or weakness, particularly during the initial 
months of therapy and during any periods of upward dosage titration of 
either drug. Periodic CPK determinations may be considered in such 
situations, but there is no assurance that such monitoring will prevent 
the occurrence of severe myopathy. The monitoring of lovastatin drug 
and metabolite levels may be considered in transplant patients who are 
treated with immunosuppressives and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in 
«d patient with an acute, serious condition suggestive of a —— 
or having a risk factor predisposing to the development of renal failure 
eer to rhabdomyolysis, including severe acute infection, 

— major surgery, trauma, severe metabolic, endocrine, and 
electrolyte disorders, and uncontroiled seizures. 

Myal ya has been associated with lovastatin therapy. Transient, mildly 
elevated creatine phosphokinase levels are commonly seen in lovastatin- 
treated patients. However, in clinical trials, approximately 0.5% of 
patients developed a myopathy, i.e., myalgia or muscle weakness 
associated with markedly elevated CPK levels. Myopathy should be 
considered in any patient with diffuse myalgias, muscle tenderness or 
weakness, and/or marked elevation of CPK. Patients should be advised to 
report promptly unexplained muscle pain, tenderness, or weakness, 
ape if accompanied by malaise or fever. Lovastatin therapy should 

discontinued if markedly elevated CPK levels occur or myopathy is 
diagnosed or suspected. 

Most of the patients who have developed myopathy (including 
rhabdomyolysis) while taking lovastatin were receiving concomitant 
therapy with immunosuppressive drugs, gemfibrozil, or lipid-lowering 
doses of nicotinic acid. In Clinical trials, about 30% of patients on 
concomitant immunosuppressive therapy including cyclosporine 
developed myopathy; the corresponding percentages for gemfibrozil and 
niacin were approximately 5% and 2%, respectively. 

In 6 patients with cardiac transplants taking immunosuppressive 
therapy including cyclosporine concomitantly with lovastatin 20 mg/day, 
the average plasma level of active metabolites derived from lovastatin was 
elevated to approximately 4 times the expected levels. Because of an 
apparent relationship between increased plasma levels of active 
metabolites derived from lovastatin and myopathy, the daily dosage in 
patients taking immunosu iyw should not exceed 20 mg/day (see 
DOSAGE AND ADMINISTRATION). Even at this dosage, the benefits and 


risks of using lovastatin in patients taking immunosuppressants should 
be carefully considered. 


PRECAUTIONS: General: Before instituting therapy with MEVACOR* 
(Lovastatin, MSD), an attempt should be made to control hypercholester- 
olemia with appropriate diet, exercise, weight reduction in obese patients, 
and to treat other underlying medical problems (see INDICATIONS 
AND USAGE). 


Eye: There was a high prevalence of baseline lenticular opacities in the 
patient population included in the clinical trials with lovastatin. During 
these trials the appearance of new opacities was noted. The causal 
relationship of lovastatin to these findings has not been established 

Of 431 patients examined with slit lamp at baseline and during therapy 
with lovastatin, 34 had opacities reported at the final examination (5 to 15 
months after starting lovastatin) that were not noted at baseline. On the 
other hand, in 45 patients, opacities observed at baseline were not noted 
at the final examination, so that the prevalence did not increase. There was 
no clinically significant change in visual acuity in the patients who had new 
opacities reported, nor was any patient, including those with opacities 
noted at baseline, discontinued from therapy because of a decrease in 
visual acuity. Nevertheless, until further experience is obtained, it is 
recommended that patients placed on lovastatin therapy be examined with 
cen a before or shortly after initiation of treatment and annually 
thereafter. 


Homozygous Familial Hypercholesterolemia: MEVACOR is less 
effective in patients with the rare homozygous familial hypercholesterol- 
emia, poy because these patients have no functional LDL receptors. 
MEVACOR appears to be more likely to raise serum transaminases (see 
ADVERSE REACTIONS) in these homozygous patients. 


Drug Interactions: Immunosuppressive Drugs, Gemfibrozil, Niacin 
(Nicotinic Acid), Erythromycin: See WARNINGS, Skeletal Muscle. 

Coumarin Anticoagulants: In a clinical trial in warfarin-treated patients 
designed specifically to observe a potential effect of lovastatin on the 
prothrombin time, lovastatin in dosages up to 40 mg b.i.d. did not 
TAM any consistent alteration of the anticoagulant action of warfarin. 

owever, since the drug was marketed, clinically evident bleeding and/or 
increased prothrombin time have been reported in a few patients taking 
coumarin anticoagulants concomitantly with lovastatin. The causal 
relationship to lovastatin is unclear. Nevertheless, it is recommended that 
in patients taking anticoagulants, prothrombin time be determined before 
starting lovastatin and frequently enough during early therapy to insure 
that no significant alteration of prothrombin time occurs. Once a stable 
prothrombin time has been documented, prothrombin times can be 
monitored at the intervals usually recommended for patients on coumarin 
anticoagulants. If the dose of lovastatin is changed, the same procedure 
should be repeated. Lovastatin therapy has not been associated with 
bleeding or with changes in prothrombin time in patients not taking 
anticoagulants. 

Antipyrine: Antipyrine is a model for drugs metabolized by the 
microsomal hepatic enzyme system (cytochrome P450 system). Because 
lovastatin had no effect on the pharmacokinetics of antipyrine, interactions 
with other drugs metabolized via this mechanism are not expected. 

Propranolol: 1n normal volunteers, there was no clinically significant 
pharmacokinetic or pharmacodynamic interaction with concomitant 
administration of single doses of lovastatin and propranolol 

Digoxin: In patients with hypercholesterolemia, concomitant 
administration of lovastatin and digoxin resulted in no effect on digoxin 
plasma concentrations. 

Other Concomitant Therapy: Although specific interaction studies were 
not performed, in clinical studies, lovastatin was used concomitantly with 
beta blockers, calcium channel blockers, diuretics, and nonsteroidal anti- 
inflammatory drugs (NSAIDs) without evidence of clinically significant 
adverse interactions. 


Drug/Laboratory Test Interactions: Lovastatin may elevate creatine 
phosphokinase and transaminase levels (see ADVERSE REACTIONS). 
This should be considered in the differential diagnosis of chest pain in a 
patient on therapy with lovastatin. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: |n a 21-month 
carcinogenic study in mice, a statistically significant (p — 0.05) increase in 
the incidence of hepatocellular carcinomas and adenomas was observed 
at doses of 500 mg/kg/day (312 times the maximum recommended 
human dose) of lovastatin. These changes were not seen in mice given 
doses of 20 and 100 mg/kg/day (12.5 and 62.5 times the maximum 
recommended human dose). 

A statistically significant increase (p- 0.05) in the incidence of 
pulmonary adenomas was seen in female mice receiving 500 mg/kg/day 
(312 times the maximum recommended human dose); no similar changes 
were seen in males at any dose or in females receiving 20 or 100 
mg/kg/day (12.5 or 62.5 times the maximum recommended human 
dose). Because the incidence of pulmonary tumors was within the range 
of untreated animals in studies of similar duration, the relationship of this 
latter change to treatment is not known 

In addition, an increase in the incidence of papilloma in the non- 
glandular mucosa of the stomach was observed in mice receiving 100 and 
900 mg/kg/day (62.5 and 312 times the maximum recommended human 
dose); no increase was seen at a dosage of 20 mg/kg/day (12.5 times the 
maximum recommended human dose). The glandular mucosa was not 
affected. The human stomach contains only glandular mucosa. 
Importantly, there is a strong association between this change and 
hyperplasia of the squamous epithelium (acanthosis) in this region; 
acanthosis is a characteristic change observed in the non-glandular 
mucosa of rodents treated with HMG-CoA reductase inhibitors and is 
most probably a result of inhibition of the reductase in this tissue. 

Similar squamous epithelium is found in the esophagus and anorectal 
junction of the mouse and rat; however, no evidence of a similar drug- 
induced hyperplastic response was observed in these tissues in studies of 
up to 21 months in the mouse given up to 500 mg/kg/day (312 times the 
maximum recommended human dose), orin a study of 24 months in the rat 
given 180 mg/kg/day (112 times the maximum recommended human 
dose). 

In a 24-month unii at study in rats, there was a positive dose 
response relationship for hepatocellular carcinogenicity in males 
(unadjusted p = 0 005). However, because the incidence of hepatocellular 
carcinogenicity observed in male rats in this study is similar to that 
observed spontaneously in this strain of rat, the implications of this 
finding are unclear. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or 
mouse liver metabolic activation. In addition, no evidence of damage to 
genetic material was noted in an in vitro alkaline elution assay using rat or 
mouse hepatocytes, a V-79 mammalian cell forward mutation study, an in 
vitro chromosome aberration study in CHO cells, or an in vivo 
chromosomal aberration assay in mouse bone marrow. 

No drug-related effects on fertility were found in studies with rats 


Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS. 

Lovastatin has been shown to produce skeletal malformations in the rat 
fetus at doses of 800 mg/kg/day (500 times the maximum recommended 
human dose). At similar doses in mice, an increase in skeletal 
malformations was observed. These individual changes are within the 
range of those observed spontaneously in this strain of mouse. No drug- 
induced changes were seen in either species at doses of up to 80 
mg/kg/day (50 times the maximum recommended human dose). No 
evidence of malformations was noted in rabbits at up to 15 mg/kg/day 
(highest tolerated dose—about 9 times the maximum recommended 
human dose). There are no data in pregnant women. 


Nursing Mothers: Studies in rats have shown that lovastatin is excreted in 
the milk. It is not known whether this drug is excreted in human milk 
Because many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from MEVACOR, 
women taking lovastatin should not nurse their infants (see 
CONTRAINDICATIONS ). 


Pediatric Use: Safety and effectiveness in children have not been 
established. Because children are not likely to benefit from cholesterol 
lowering for at least a decade and because experience with this drug is 
limited (no studies in subjects below the age of 20 years), treatment of 
children with lovastatin is not recommended at this time. 


ADVERSE REACTIONS: MEVACOR® (Lovastatin, MSD) is generally well 
tolerated; adverse reactions usually have been mild and transient. Less 
than 196 of patients were discontinued from controlled clinical studies due 
to adverse experiences attributable to MEVACOR. About 2% of patients 
were discontinued from all studies (controlled and uncontrolled) due to 
adverse experiences attributable to MEVACOR: about one-third of these 
patients were discontinued due to increases in serum transaminases 


Clinical Adverse Experiences: Adverse experiences reported in patients 
n with MEVACOR in controlled clinical studies are shown in the table 
low: 


MEVACOR Placebo Cholestyramine Probucol 
(N=613) (N- 82) (N = 88) (N - 97) 
9o % % % 

Gastrointestinal 
Constipation 49 
Diarrhea 55 
Dyspepsia 3.9 
Flatus 6.4 
5.7 
16 
4.7 


| 
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Abdominal pain/ cramps 

Heartburn 

Nausea 
Musculoskeletal 

Muscle cramps 1.1 

Myalgia 24 1 
Nervous System/Psychiatric 

Dizziness 2.0 
Headache 9.3 

2 


N | 
| 
| 


Skin 
Rash/ pruritus 5. — 45 — 
Special Senses 
Blurred vision 1.5 — 


1:1 
Dysgeusia 0.8 — 1,3 


Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS). 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The 
corresponding values for the control agents were cholestyramine, 9% and 
probucol, 2%. This was attributable to the noncardiac fraction of CPK 
Large increases in CPK have sometimes been reported (see WARNINGS, 
Skeletal Muscle). 


Concomitant Therapy: In controlled clinical studies in which lovastatin 
was administered concomitantly with cholestyramine, no adverse reac- 
tions peculiar to this concomitant treatment were observed. The adverse 
reactions that occurred were limited to those reported previously with 
lovastatin or cholestyramine. Other lipid-lowering agents were not admin- 
istered concomitantly with lovastatin during controlled clinical studies. In 
uncontrolled clinical studies, most of the patients who have developed 
myopathy were receiving concomitant therapy with immunosuppressive 
drugs, gemfibrozil, or niacin (nicotinic acid) (see WARNINGS, Skeletal 
Muscle). 


Uncontrolled Clinical Studies: The adverse experiences observed in 
uncontrolled studies were similar to those seen in controlled clinical 
studies. Abnormal liver function tests were observed at a higher incidence 
than in the controlled studies (see WARNINGS, Liver Dysfunction). Myo- 
pathy (myalgia with marked CPK elevations) was reported in approx- 
imately 0.5% of patients (see WARNINGS. Skeletal Muscle). 


Causal Relationship Unclear: Nervous System: Peripheral neuropathy 
has been reported; the relationship to lovastatin is uncertain. Visual 
evoked response, nerve conduction measurements, and electromyogra- 
hy in over 30 patients showed no evidence of neurotoxic effects of 
ovastatin. 

Special Senses: Of 431 patients examined with slit lamp at baseline and 
during therapy with lovastatin, 34 had opacities reported at the final 
examination (5 to 15 months after starting lovastatin) that were not noted 
at baseline. On the other hand, in 45 patients, opacities observed at 
baseline were not noted at the final examination, so that the prevalence did 
not increase (see PRECAUTIONS). 


Post-marketing Experience: Additional adverse experiences occurring 
since the drug was marketed are listed below 
Clinical Adverse Experiences 

Gastrointestinal: Hepatitis, cholestatic jaundice, anorexia, 
vomiting. 

Hypersensitivity Reactions: An apparent hypersensitivity syn- 
drome has been reported rarely which has included one or more of the 
following features: anaphylaxis, angioedema, lupus-like syndrome, poly- 
myalgia rheumatica, thrombocytopenia, leukopenia, hemolytic anemia, 
positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, and 
photosensitivity. 

Nervous System/ Psychiatric: Paresthesia 

Causal Relationship Unknown 

Gastrointestinal: Pancreatitis, stomatitis. 

Skin: Alopecia 

Nervous System/ Psychiatric: Depression. insomnia. 

Metabolic: Edema 

Clinical Laboratory Test Findings 
Liver Function Tests: Liver function test abnormalities, including 
elevated alkaline phosphatase and bilirubin. 


OVERDOSAGE: The oral LDso of MEVACOR in mice is 20 g/kg 

Five healthy human volunteers have received up to 200 mg of lovastatin 
as a single dose without clinically significant adverse experiences. A few 
cases of accidental overdosage have been reported; no patients had any 
specific symptoms, and all patients recovered without sequelae. The 
maximum dose taken was 52 20-mg tablets (1.04 g). 

Until further experience is obtained, no specific treatment of over- 
dosage with MEVACOR can be recommended. 

The dialyzability of lovastatin and its metabolites in man is not known at 
present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a 
standard cholesterol-lowering diet before Mene MEVACOR and should 
continue on this diet during treatment with MEVACOR. MEVACOR should 
be given with meals 

The recommended starting dose is 20 mg once a day given with the 
evening meal. The recommended dosing range is 20 to 80 mg/day in 
single or divided doses; the maximum recommended dose is 80 mg/day. 
Adjustments of dosage should be made at intervals of 4 weeks or more. 
Doses should be individualized according to the patient's response (see 
Tables | to IV under CLINICAL PHARMACOLOGY, Clinical Studies for dose 
response results). 

For those patients with severely elevated serum cholesterol levels 
(i.e., >300 mg/dL [7.8 mmol/L] on diet), MEVACOR may be initiated at 
40 mg/day 

In patients taking immunosuppressive drugs concomitantly with 
lovastatin (see WARNINGS, Skeletal Muscle), the maximum recom- 
mended dosage is 20 mg/ day. 

Cholesterol levels should be monitored periodically and consideration 


should be given to reducing the dosage of MEVACOR MSD 
if cholesterol levels fall below the targeted range MERCK 
DOH! 


For more detailed information, consult your MSD Representative or see 
Prescribing Information, Merck Sharp & Dohme, Division of Merck & 
Co., INC., West Point, PA 19486. J9MC38(507) 


More capacity than any other 
Lithium lodine Battery... 
in the universe. 


Solid cathode lithium iodine pacemaker batteries from Catalyst 
Research have become the recognized standard of predictable perfor- 
mance — over a half-million put into service by leading manufacturers, 
worldwide. 

Now our new 9000 Series establishes a new standard of capacity, as 

BATTERY COMPARISON well. Actually 10% to 20% greater than ever before. 
CR 9030 vs II WGL 8077 What does that mean? Up to an additional year of use, plus the ben- 

efits of an increased safety margin in typical pacemaker applications. 

For performance you can count on — longer, stronger than ever be- 
fore — specify the new 9000 Series solid-cathode lithium iodine bat- 
teries from Catalyst Research. 
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Initial 
monotherapy 
regardless of 


age or race 


Therapeutic goal achieved 

in more than 80% of patients 
with mild to moderate 
hypertension 


*For adult hypertensives only. 


t Eighty-two percent of 3,604 patients with mild 
to moderate hypertension (30-70 years) 
achieved goal blood pressure (DBP <90 mm 
Hg) in an open, multicenter, six-week study. 


iln a double-blind, forced dose titration 
comparative study of 394 black patients with 
mild to moderate hypertension (18-70 years), 
83% of those randomized to Calan SR (n — 54) at 
a dosage of 360 mg/day achieved goal blood 
pressure (DBP «90 mm Hg or » 10 mm Hg 
reduction). 









Once-a-day 
antihypertensive 
monotherapy 


ll Calan SR provides effective monotherapy in more 
than 80% of all adult patients.’ 
























E 91% of patients take Calan SR once a day'—a more 
convenient dosage schedule that may result in better 
compliance than twice-daily therapy.’ 


BI Calan SR is equally effective in black and white adult 
patients, regardless of age. 


BI Physicians have demonstrated their confidence in 
Calan SR—more than 15 million prescriptions have 


been filled. 


One agent...for quality living 


E in a well-controlled clinical trial of 94 
hypertensive patients controlled with 
Calan SR, quality of life was 
improved or maintained.' 





ERNE 
ie: 


Constipation, which can be 
easily managed in most 
patients, is the most commonly 


reported side effect with 
Calan SR. 


Please see the following page of this advertisement 
for references and a brief summary of the complete 
prescribing information. 


Gidns 
verapamil HCI Css 


VolUp RELEASE CAPLETS 





© 1989, Searle & Co. A89-W7735T-1 


SEAR: 


ONCE-A-DAY 





verapamil Gh SR 


BRIEF SUMMARY 


Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 
2nd- or 3rd-degree AV block (if no pacemaker is present), atrial flutter/fibrillation with an 
accessory bypass tract (eg, WPW or LGL syndromes), hypersensitivity to verapamil. 

Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection 
fraction < 30%) or moderate to severe symptoms of cardiac failure and in patients with 
any degree of ventricular dysfunction if they are receiving a beta-blocker. Control milder 
heart failure with optimum digitalization and/or diuretics before Calan SR is used. Verapamil 
may occasionally produce hypotension. Elevations of liver enzymes have been reported. 
Several cases have been demonstrated to be produced by verapamil. Periodic monitoring 
of liver function in patients on verapamil is prudent. Some patients with paroxysmal and/ 


Or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL 


syndromes) have developed an increased antegrade conduction across the accessory 
pathway bypassing the AV node, producing a very rapid ventricular response or ventricular 


fibrillation after receiving |.V. verapamil (or digitalis). Because of this risk, oral verapamil is 


contraindicated in such patients. AV block may occur (2nd- and 3rd-degree, 0.8%). 
Development of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
requires reduction in dosage or, rarely, discontinuation and institution of appropriate therapy. 
Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe 
hypotension were seen in some critically ill patients with hypertrophic cardiomyopathy who 
were treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic 
function (in severe dysfunction use about 3096 of the normal dose) or impaired renal 
function, and patients should be monitored for abnormal prolongation of the PR interval or 
other signs of overdosage. Verapamil may decrease neuromuscular transmission in patients 
with Duchenne's muscular dystrophy and may prolong recovery from the neuromuscular 
blocking agent vecuronium. It may be necessary to decrease verapamil dosage in patients 
with attenuated neuromuscular transmission. Combined therapy with beta-adrenergic block- 
ers and verapamil may result in additive negative effects on heart rate, atrioventricular 
conduction and/or cardiac contractility; there have been reports of excessive bradycardia 
and AV block, including complete heart block. The risks of such combined therapy may 
outweigh the benefits. The combination should be used only with caution and close 
monitoring. Decreased metoprolol clearance may occur with combined use. Chronic verap- 
amil treatment can increase serum digoxin levels by 5096 to 7596 during the first week of 
therapy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, verapamil 
may reduce total body clearance and extrarenal clearance of digitoxin. The digoxin dose 
should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
will usually have an additive effect in patients receiving blood-pressure-lowering agents. 
Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on 
myocardial contractility, AV conduction, and repolarization. Combined verapamil and quini- 
dine therapy in patients with hypertrophic cardiomyopathy should be avoided, since 
significant hypotension may result. Concomitant use of lithium and verapamil may result in 
a lowering of serum lithium levels or increased sensitivity to lithium. Patients receiving both 
drugs must be monitored carefully. Verapamil may increase carbamazepine concentrations 
during combined use. Rifampin may reduce verapamil bioavailability. Phenobarbital may 
increase verapamil clearance. Verapamil may increase serum levels of cyclosporin. Concom- 
itant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive Cardiovascular depression. Verapamil may potentiate the activity of neuromuscular 
blocking agents (curare-like and depolarizing); dosage reduction may be required. Adequate 
animal carcinogenicity studies have not been performed. One study in rats did not suggest 
a tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy 
Category C. There are no adequate and well-controlled studies in pregnant women. This 
drug should be used during pregnancy, labor, and delivery only if clearly needed. Verapamil 
is excreted in breast milk; therefore, nursing should be discontinued during verapamil use. 
Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension 
(2.5%), headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), 
dyspnea (1.4%), bradycardia: HR < 50/min (1.4%), AV block: total 1*,2*,3* (1.2%), 2° 
and 3° (0.8%), rash (1.2%), flushing (0.6%), elevated liver enzymes. The following reactions, 
reported in 1.0% or less of patients, occurred under conditions where a causal relationship 
is uncertain: angina pectoris, atrioventricular dissociation, chest pain, claudication, myocar- 
dial infarction, palpitations, purpura (vasculitis), syncope, diarrhea, dry mouth, gastrointes- 
tinal distress, gingival hyperplasia, ecchymosis or bruising, cerebrovascular accident, con- 
fusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic symptoms, 
shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules, 
Sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gy- 
necomastia, increased urination, spotty menstruation, impotence. 2/9/89 - A88-W5282V-1 
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References: 1. Data on file, G.D. Searle & Co. 2. Baird MG, Bentley-Taylor MM, 
Carruthers SG, et al: A study of efficacy, tolerance and compliance of once-daily versus 
twice-daily metoprolol (Betaloc*) in hypertension. Clin Invest Med 1984:7:95-102. 
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Medical & Scientific 
Information Department 

4901 Searle Parkway 
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Several vacancies exist for board-certified 
Cardiologists in the U.S. Army Medical 
Department. Unique professional oppor- 
tunities are available at locations in the 
United States and overseas. Interested in- 
dividuals must not have attained their 
52nd birthday. For further information 
on benefits and professional opportuni- 
ties, call LTC Touchard at (303) 361-3208. 
Call collect. 
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CLEVELAND CLINIC FLORIDA 


CARDIOLOGISTS 


Cleveland Clinic Florida has immediate 
openings for both invasive and non-inva- 
sive cardiologists. In addition to strong 
clinical skills, applicants should be inter- 
ested in education and research. Invasive 


cardiologist should have training and/or 
experience in interventional procedures. 
Non-invasive cardiologists should have a 
strong interest in echocardiography. 
Please send CV to: 


Thomas J. Noto, Jr., M.D. 
Section of Cardiology 
Cleveland Clinic Florida 
3000 West Cypress Creek Road 
Fort Lauderdale, Florida 33309 
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due to subacute, healed dissection underwent repeat PTCA. Thirteen 
patients (76%) had a successful outcome. There were 2 abrupt closures 
and 2 unsatisfactory luminal openings, but only 1 urgent bypass surgery. 
A successful result was more likely in patients without contrast staining 
and without significant luminal compromise from the dissection after the 
first PTCA. These results suggest that repeat PTCA is a viable alternative 
in selected patients. 
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Prognostic Value of Atrial Pacing and Thallium-201 
Scintigraphy in Patients with Stable Chest Pain 

Henry G. Stratmann, Alexander L. Mark, Kenneth E. Walter, and 
George A. Williams 


We assessed the value of atrial pacing and thallium-201 scintigraphy for 
evaluating risk of subsequent cardiac events in 210 patients with stable 
chest pain. Follow-up information was complete in 195 patients, over a 
mean period of 19 months. Cardiac events occurred in 38 patients— 
unstable angina in 20, nonfatal acute myocardial infarction in 6 and death 
from cardiac causes in 12. The presence of ST depression, angina or a 
fixed perfusion defect during atrial pacing was not significantly greater in 
patients with subsequent cardiac events compared with those without such 
events. However, patients with subsequent cardiac events did have a 
significantly increased incidence of reversible perfusion defects and abnor- 
mal thallium-201 scans compared with those without such events. We 
conclude that atrial pacing and thallium-201 scintigraphy can provide 
prognostic information concerning risk for future cardiac events, with 
development of a reversible perfusion defect in particular identifying pa- 
tients at increased risk. 


CARDIOMYOPATHY 


"EN MO Sa is. adit iro EE cc ULP M RET 
The Morphologic Spectrum of Dilated Cardiomyopathy and Its 
Relation to Immune-Response Genes 

Eloisa Arbustini, Antonello Gavazzi, Roberto Pozzi, Maurizia Grasso, 
Angela Pucci, Carlo Campana, Gabriella Graziano, Miryam Martinetti, 
Mariaclara Cuccia, Laura Salvaneschi, Luigi Martinelli, 

Carlo Montemartini, and Mario Vigano 


Morphometric and morphologic analysis of endomyocardial biopsies from 
166 patients with clinical diagnosis of dilated cardiomyopathy (DC) 
showed a wide range of values. Because oversized and bizarre nuclei were 
observed in only some DC patients, 2 groups were identified: group A with 
and group B without this feature. Myocyte width, nuclear diameter and 
nuclear/sarcoplasmic ratio were significantly higher in group A. The 
morphologic features seemed independent from the clinical status of the 
patients. HLA typing showed that DR4 and DRS antigens were signifi- 
cantly more frequent in DC patients than in a normal blood donor popula- 
tion while DR3 was underrepresented. Group A was more frequently 
associated with the DRS antigen locus and group B with the DR4. These 
results would suggest that immune-response genetic factors may play a 
role in the histopathologic expression of DC. 


Continued on page A34 
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CONGENITAL HEART DISEASE 


DER a s ure die ner m EVE a cel Naa FOR, 
Natural Course of Atrial Septal Aneurysm in Children and the 
Potential for Spontaneous Closure of Associated Septal Defect 
Abraham Brand, Andre Keren, David Branski, Abraham Abrahamov, and 
Shlomo Stern 


We prospectively evaluated the presence of atrial septal aneurysm (ASA) 
and its natural course in a consecutive series of 3,500 children referred for 
echocardiographic examination. ASA was found in 35 patients (1.0%), 
without sex predominance. Fighteen of the 35 were neonates at the time of 
diagnosis. The anomaly was associated with heart defects in all patients, 
among which the most common (69%) was atrial septal defect (ASD). 
Among the 750 children with normal echocardiograms, aneurysm was not 
detected. Good correlation was found between the direction of aneurysmal 
protrusion and the direction of blood flow through the ASD, as detected by 
Doppler echocardiography. No clinical complications were related to the 
presence of ASA. Follow-up of 14 patients with ASD showed a significant 
(p «0.01) correlation between closure of ASD and disappearance of ASA. 


MISCELLANEOUS 
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Usefulness of Nuclear Magnetic Resonance Imaging for 
Evaluation of Pericardial Effusions, and Comparison with 
Two-Dimensional Echocardiography 

Sharon L. Mulvagh, Roxann Rokey, G. Wesley Vick, Ill, and 

Donald L. Johnston 


Spin echo nuclear magnetic resonance (NMR ) imaging and echocardiog- 
raphy were compared in 26 patients with pericardial effusions, 10 of whom 
had associated pleural effusions. NMR imaging detected several small 
pericardial effusions that were not visualized by echocardiography. NMR 
was superior for assessing distribution of fluid, especially when located 
superiorly at the aortic pericardial reflection site, at the right atrial border, 
and posterior to the distal left ventricle. Compared to echocardiography, 
NMR imaging more clearly distinguished pericardial from pleural effu- 
sions. Overall, NMR imaging serves as a valuable ancillary method to 
echocardiography for the characterization of pericardial effusions. 
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Prevalence and Significance of Left Ventricular Filling 
Abnormalities Determined by Doppler Echocardiography in 
Young Type I (Insulin-Dependent) Diabetic Patients 
Catherine Paillole, Michel Dahan, Frédéric Paycha, 

Alain Cohen Solal, Philippe Passa, and René Gourgon 


In 16 young insulin-dependent diabetic patients with no coronary artery 
disease, hypertension or microangiopathy, Doppler echocardiography 
showed a high prevalence of ventricular filling abnormalities. These ab- 
normalities seem to be related to changes in ventricular relaxation and 
may be early markers of diabetic cardiomyopathy. 


Continued on page A38 
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The only beta blocker 
as effective as quinidine 


without quinidine complications. 


In randomized, double-blind crossover studies,'* Sectral® (acebutolol HCI) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs* Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea.'* Clinical experience in over 1,000 


patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: “The antiarrhythmic activity of (Sectral®), 
its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia."? 


Like other beta blockers, Sectral® is contraindicated in persistently severe 
bradycardia, second- and third-degree heart block, overt congestive 
heart failure and.cardiogenic shock. 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased 
gradually until optimal desse Que obtained, generally between 600 mg 
to 1200 mg por day. 
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Please see V | noe mary on adjacent page. 
"Sectral® is not indicatechfor oe tachycardia. 9 


ty 4 
af T 
i sce. A T 
x ^ je 
M $ 
mes. 4^ 7$ 


n FL, 
A 7 


acebutolol HCI 


For uncomplicated 
control of PVCs. 
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acebutolol HCI 


For uncomplicated control of PVCs. 


(Brief summary of prescribing information) 


CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; 
2)second- and third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
WARNINGS) 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 
circulation in individuals with diminished myocardial contractility, and its inhibition by p - 
adrenergic receptor blockade may precipitate more severe failure. Although B -blockers should be 
avoided in overt cardiac failure, SECTRAL can be used with caution in patients with a history of 
heart failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 
impair AV conduction. If cardiac failure persists, therapy with SECTRAL should be withdrawn. 
IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the myocardium 
with B -blocking agents over a period of time may lead to cardiac failure. At the first signs of 
failure, patients should be digitalized and/or be given a diuretic and the response observed 
closely. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 
therapy should be withdrawn. 

EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: 
Following abrupt cessation of therapy with certain B-blocking agents in patients with coronary 
artery disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 
death have been reported. Therefore, such patients should be cautioned against interruption of 
therapy without a physician's advice. Even in the absence of overt ischemic heart disease, when 
discontinuation of SECTRAL is planned, the patient should be carefully observed, and should be 
advised to limit physical activity to a minimum while SECTRAL is gradually withdrawn over a 
period of about two weeks. (If therapy with an alternative B-blocker is desired, the patient may be 
transferred directly to comparable doses of another agent without interruption of B-blocking 
therapy). If an exacerbation of angina pectoris occurs, anti-anginal therapy should be restarted 
immediately in full doses and the patient hospitalized until his condition stabilizes. 

PERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and 
can precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
mesenteric vascular disease. Caution should be exercised with such patients and they should be 
observed closely for evidence of progression of arterial obstruction. 

BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
GENERAL, NOT RECEIVE A B-BLOCKER. Because of its relative B,-selectivity, however, low 
doses of SECTRAL may be used with caution in patients with bronchospastic disease who do not 
respond to, or who cannot tolerate, alternative treatment. Since B ,-selectivity is not absolute and 
is dose-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 
divided doses to avoid the higher plasma levels associated with the longer dose-interval. A 
bronchodilator, such as a theophylline or a B „stimulant, should be made available in advance 
with instructions concerning its use. 


ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B- 
blocking therapy prior to major surgery is controversial. B -adrenergic receptor blockade impairs 
the ability of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of 
benefit in preventing arrhythmic response, the risk of excessive myocardial depression during 
general anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
been reported with beta-blockers. If treatment is continued, particular care should be taken when 
using anesthetic agents which depress the myocardium, such as ether, cyclopropane and 
trichlorethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL , like 
other B -blockers, is a competitive inhibitor of B-receptor agonists and its effect on the heart can be 
reversed by cautious administration of such agents (e.g., dobutamine or isoproterenol—see 
OVERDOSE). Manifestations of excessive vagal tone (e.g., profound bradycardia, hypotension) 
may be corrected with atropine 1 to 3 mg i.v. in divided doses. 

DIABETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and 
mask some of its manifestations such as tachycardia; however, dizziness and sweating are usually 
not significantly affected. Diabetic patients should be warned of the possibility of masked 
hypoglycemia. 

THYROTOXICOSIS: B -adrenergic blockade may mask certain clinical signs (tachycardia) of 
hyperthyroidism. Abrupt withdrawal of B -blockade may precipitate a thyroid storm; therefore, 
patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
should be monitored closely. 

PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
in patients with renal insufficiency have not been performed in the U.S. Foreign published 
experience shows that acebutolol has been used successfully in chronic renal insufficiency. 
Acebutolol is excreted through the G.I. tract, but the active metabolite, diacetolol, is eliminated 
predominantly by the kidney. There is a linear relationship between renal clearance of diacetolol 
and creatinine clearance. Therefore, the daily dose of acebutolol should be reduced by 50% when 
the creatinine clearance is less than 50 mL/min and by 7596 when it is less than 25 mL/min. 
SECTRAL should be used cautiously in patients with impaired hepatic function. 

SECTRAL has been used successfully and without problems in elderly patients in the U.S. 
clinical trials without specific adjustment of dosage. However, elderly patients may require lower 
maintenance doses because the bioavailability of both SECTRAL and its metabolite are 
approximately doubled in this age group. 

CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with 
the development of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving 
SECTRAL had a dose dependent increase in the development of positive ANA titers and the overall 
incidence was higher than that observed with propranolol. Symptoms (generally persistent 
arthralgias and myalgias) related to this laboratory abnormality were infrequent (less than 196 with 
both drugs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 
INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery 
disease, should be warned against interruption or discontinuation of SECTRAL therapy without a 
ysician's supervision. Although cardiac failure rarely occurs in properly selected patients, those 
ing treated with B -adrenergic blocking agents should be advised to consult a physician if they 
develop signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 

Patients should also be warned of possible severe hypertensive reactions from concomitant use 
of a-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold 
preparations and nasal drops. 


DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 
additive effect when given with B-blocking agents. Patients treated with SECTRAL plus 
catecholamine depletors should, therefore, be observed closely for evidence of marked 
bradycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 
static changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 
responses have been reported from the combined use of B-adrenergic antagonists and a- 
adrenergic stimulants, including those contained in proprietary cold remedies and vaso- 
constrictive nasal drops. Patients receiving 8 -blockers should be warned of this potential 
hazard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, 
sulfinpyrazone, oral contraceptives, tolbutamide or warfarin have been observed. 
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CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity 
studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equivalent 
to 15 times the maximum recommended (60 kg) human dose, did not indicate a carcinogenic 
potential for SECTRAL (acebutolol HCI). Diacetolol, the major metabolite of SECTRAL in man, 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/day. 
SECTRAL and diacetolol were also shown to be devoid of mutagenic potential in the Ames 
Test. SECTRAL, administered orally to two generations of male and female rats at doses of up 
to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in (a 
60 kg) man] and diacetolol, administered to two generations of male and female rats at doses 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 
3 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been 
performed in these species with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation loss with 450 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduced in 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women 
in the U.S.; however, studies have shown that both acebutolol and diacetolol cross the placenta. 
Because animal teratology studies are not always predictive of the human response, SECTRAL 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course of 
labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma ratio 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as 
duration of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from 
controlled clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These 
patients received SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 
Hydrochloro- 
SECTRAL Propranolol thiazide Placebo 
(N=1002) (N=424) (N=178) (N=314) 
% % % % 


Body System/ 
Adverse Reaction 








Cardiovascular 
Chest Pain 
Edema 

Central Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
Insomnia 
Abnormal 
dreams 

Dermatologic 
Rash 

Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 

Genitourinary 
Micturition 
(frequency) 

Musculoskeletal 
Arthralgia 
Myalgia 

Respiratory 
Cough 1 
Dyspnea 4 6 
Rhinitis 2 

Special Senses 
Abnormal Vision 2 2 3 0 
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The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular. hypotension, bradycardia, heart failure. Central Nervous 
System: anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joint 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
a constant dose.) 








400 mg/ 800 mg/ 1200 mg/ 
day day day 
Body System (N=132) (N=63) (N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 
System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 





POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other B -blocking agents and should also be considered as potential adverse 
effects of SECTRAL. 

Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and place), short-term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance 
(neuropsychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous 
syndrome associated with the B-blocker practolol has not been reported with SECTRAL during 
investigational use and extensive foreign clinical experience. 


Keep at room temperature. Approximately 25°C (77°F). 
*Sectral is not indicated in ventricular tachycardia. 
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No longer will 
increasing your 


ad budget 
bean 
act of faith. 


About $3 billion a year is spent on business 
press advertising—yet amazingly little concrete 
evidence has existed to show whether it really 
works. 

Research to actually prove the effectiveness 
of trade and industrial advertising has been 
unconvincing and inconclusive. 

Till now. 


Finally. New research proves business 
press advertising dramatically increases 
sales and profits. 
Its comprehensive. This landmark research — 
study took more than three years to complete 
at a cost of over $390,000. 
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Noninvasive Cardiac Risk Stratification of Diabetic 
and Nondiabetic Uremic Renal Allograft Candidates 
Using Dipyridamole-Thallium-201 Imaging 

and Radionuclide Ventriculography 

Kenneth A. Brown, Jeffrey Rimmer, and Carl Haisch 


We evaluated the ability of noninvasive risk stratification using dipyrida- 
mole-thallium-201 (T1-201) imaging and radionuclide ventriculography 
to predict perioperative and long-term cardiac events (myocardial infarc- 
tion or cardiac death) in 36 uremic diabetic and 29 nondiabetic candidates 
for renal allograft surgery. Of the 35 patients who underwent renal allo- 
graft surgery 8 + 7 months after the study, none had transient T1-201 
defects (although 13 had depressed left ventricular ejection fraction) and 
none developed perioperative cardiac events. During a mean follow-up of 
23 + 11 months, 6 (9%) patients had cardiac events. Using logistic 
regression analysis, the presence of transient Tl-201 defect and left ven- 
tricular ejection fraction were the only significant predictors of future 
cardiac events (p <0.01). All 3 patients with transient TI-201 defects had 
cardiac events compared with only 3 of 62 (5%) patients without transient 
T1-201 defect (p <0.0001). Mean left ventricular ejection fraction was 
lower in patients with cardiac events (44 + 13%) compared with patients 
without cardiac events (57 + 9%, p <0.005). Dipyridamole-Tl-201 imag- 
ing and radionuclide ventriculography may be helpful in identifying ure- 
mic candidates for renal allograft surgery who are at low risk for perioper- 
ative and long-term cardiac events. 


1022... SS — ——————————————— 
Comparison of Myocardial Washout Rate of Thallium-201 
Between Rest, Dipyridamole With and Without Aminophylline, 
and Exercise States in Normal Subjects 

George T. O'Byrne, Erwin A. Rodrigues, Jamshid Maddahi, Kenneth F. 
Van Train, Christopher Wong, Kenneth Resser, John D. Friedman, and 
Daniel S. Berman 


The myocardial washout rate of thallium-201 was evaluated in 85 subjects 
undergoing rest (group I, n = 12), dipyridamole with aminophylline 
(group IIA, n = 11), dipyridamole without aminophylline (group IIB, n = 
13) and exercise (group III, n = 49) studies. A good correlation was 
obtained between the highest and mean washout rate values in individual 
subjects (r = 0.98; p <0.001). Mean + standard deviation anterior view 
washout rate was 10 + 6% in group I compared with 40 + 14% in group 
IIA (p <0.05 vs group I), 31 + 13% in group IIB (p <0.05 vs group I) and 
54 + 11% in group III (p «0.05 each vs group IIA and group IIB, 
respectively). Mean washout rate values were similar in group ITA and 
group IIB, ranging from 12 to 58%. The normal limits for washout rate 
vary with the test being performed. The use of aminophylline does not 
affect the myocardial washout rate of thallium-201, but normal limits for 
dipyridamole, lower than those used for exercise, are required for clinical 


purposes. 
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Return 
to a natural cardiac rhythm 


FOCA RELEASE ASR 


PRO A 
(DROCHLORIDE TABLETS) 


950. -mo tablet/500-mg scored tablet/750- -MO scored tablet 


1,000-mg scored tablet 


Enhances the value of oral procainamide 
for selected cardiac dysrhuthmias 


With modern sustained-release Procan SR, short duration of effect 

no longer impedes the usefulness of procainamide for maintenance therapy. 

A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 


_ Administered half as often as conventional oral procainamide 
|  UJide versatility in cardiac conditions 
“Gon We used concomitantly with digoxin 


_Ideal maintenance therapy 


d Hio SR... 
the original sustained: release oral procainamide 
. PARKE-DAVIS - 


Division EUIS T ATIRE (Of mpa 
Mona s Plains, New Jersey 07950 


Please see next page for brief summary of prescribing information. 








(Procainamide Hydrochloride Tablets) SUSTAINED RELEASE 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


WARNING 
Positive ANA Titer: The prolonged administration of procainamide often leads to the devel- 
opment of a positive antinuclear antibody (ANA) test, with or without symptoms of a lupus 
erythematosus-like syndrome. If a positive ANA titer develops, the benefits versus risks of 
continued procainamide therapy should be assessed. 


INDICATIONS AND USAGE: Procan SR tablets are indicated for the treatment of life-threatening 
ventricular arrhythmias. Procan SR is also indicated for the treatment of some patients with less 
severe, symptomatic ventricular arrhythmias, including unifocal or multifocal couplets and 
nonsustained ventricular tachycardia. Because procainamide hydrochloride has the potential to 
produce serious hematological disorders (0.5 percent), particularly leukopenia or agranulocytosis 
(sometimes fatal), the use of procainamide hydrochloride should be reserved for patients in whom, 
in the opinion of the physician, the benefits of treatment clearly outweigh the risks. (See WARNINGS 
and Boxed Warnings.) For less serious arrhythmias, alternative therapies with less severe toxicity 
should be considered. Like all other antiarrhythmics, procainamide hydrochloride has not been 
shown to prevent sudden death in patients with serious ventricular ectopic activity, and also, like 
all other antiarrhythmics, procainamide hydrochloride has potentially serious adverse effects, 
including the ability to worsen arrhythmias. It is, therefore, essential that each patient given 
procainamide hydrochloride be evaluated electrocardiographically and clinically prior to, and 
during, procainamide hydrochloride therapy to determine whether the response to the drug 
supports continued treatment. 

CONTRAINDICATIONS: Complete Heart Block: Procainamide should not be administered 
to patients with complete heart block because of its effects in suppressing nodal or ventricular 
pacemakers and the hazard of asystole. It may be difficult to recognize complete heart block in 
patients with ventricular tachycardia, but if significant slowing of ventricular rate occurs during 
PA treatment without evidence of AV conduction appearing, PA should be stopped. In cases 
of second degree AV block or various types of hemiblock, PA should be avoided or discontinued 
because of the possibility of increased severity of block, unless the ventricular rate is controlled 
by an electrical pacemaker. Idiosyncratic Hypersensitivity: In patients sensitive to procaine 
or other ester-type local anesthetics, cross sensitivity to PA is unlikely; however, it should be borne 
in mind, and PA should not be used if it produces acute allergic dermatitis, asthma, or anaphylactic 
symptoms. Lupus Erythematosus: An established diagnosis of systemic lupus erythematosus 
is a contraindication to PA therapy, since aggravation of symptoms is highly likely. Torsades de 
Pointes: In the unusual ventricular arrhythmia called "les torsades de pointes’ (twistings of the 
points), characterized by alternation of one or more ventricular premature beats in the directions 
of the QRS complexes on ECG in persons with prolonged QT and often enhanced U waves, Group 
1A antiarrhythmic drugs are contraindicated. Administration of PA in such cases may aggravate 
this special type of ventricular extrasystole or tachycardia instead of suppressing it. 
WARNINGS 


Blood Dyscrasias: Agranulocytosis, bone marrow depression, neutropenia, hypoplastic 
anemia and thrombocytopenia have been reported in patients receiving procainamide 
hydrochloride at a rate of approximately 0.5%. Most of these patients received procainamide 
hydrochloride within the recommended dosage range. Fatalities have occurred (with 
approximately 20-25 percent mortality in reported cases of agranulocytosis). Since most of 
these events have been noted during the first 12 weeks of therapy, it is recommended that 
complete blood counts including white cell, differential and platelet counts be performed 
at weekly intervals for the first three months of therapy; and periodically thereafter. Complete 
blood counts should be performed promptly if the patient develops any signs of infection 
(such as fever, chills, sore throat, or stomatitis), bruising, or bleeding. If any of these hematologic 
disorders are identified, procainamide hydrochloride should be discontinued. Blood counts 
usually return to normal within one month of discontinuation. Caution should be used in 
patients with preexisting marrow failure or cytopenia of any type (see ADVERSE REACTIONS). 

































Digitalis Intoxication: Caution should be exercised in the use of procainamide in arrhythmias 
associated with digitalis intoxication. Procainamide can suppress digitalis-induced arrhythmias; 
however, if there is concomitant marked disturbance of atrioventricular conduction, additional 
depression of conduction and ventricular asystole or fibrillation may result. Therefore, use of 
procainamide should be considered only if discontinuation of digitalis, and therapy with potassium, 
lidocaine, or phenytoin are ineffective. First Degree Heart Block: Caution should be exercised 
also ifthe patient exhibits or develops first degree heart block while taking PA, and dosage reduction 
is advised in such cases. If the block persists despite dosage reduction, continuation of PA 
administration must be evaluated on the basis of current benefit versus risk of increased heart 
block. Predigitalization for Atrial Flutter or Fibrillation: Patients with atrial flutter or fibrillation 
should be cardioverted or digitalized prior to PA administration to avoid enhancement of A-V 
conduction which may result in ventricular rate acceleration beyond tolerable limits. Adequate 
digitalization reduces but does not eliminate the possibility of sudden increase in ventricular rate 
as the atrial rate is slowed by PA in these arrhythmias. Congestive Heart Failure: For patients 
in congestive heart failure, and those with acute ischemic heart disease or cardiomyopathy, caution 
should be used in PA therapy, since even slight depression of myocardial contractility may further 
reduce cardiac output of the damaged heart. Concurrent Other Antiarrhythmic Agents: 
Concurrent use of PA with other Group 1A antiarrhythmic agents such as quinidine or disopyramide 
may produce enhanced prolongation of conduction or depression of contractility and hypotension, 
especially in patients with cardiac decompensation. Such use should be reserved for patients 
with serious arrhythmias unresponsive to a single drug and employed only if close observation 
is possible. Renal Insufficiency: Renal insufficiency may lead to accumulation of high plasma 
levels from conventional oral doses of PA, with effects similar to those of overdosage (see 
OVERDOSAGE), unless dosage is adjusted for the individual patient. Myasthenia Gravis: Patients 
with myasthenia gravis may show worsening of symptoms from PA due to its procaine-like effect 
on diminishing acetyicholine release at skeletal muscle motor nerve endings, so that PA 
administration may be hazardous without optimal adjustment of anticholinesterase medications 
and other precautions. 

PRECAUTIONS: General: Immediately after initiation of PA therapy, patients should be closely 
observed for possible hypersensitivity reactions, especially if procaine or local anesthetic sensitivity 
is suspected, and for muscular weakness if myasthenia gravis is a possibility. In conversion of 
arterial fibrillation to normal sinus rhythm by any means, dislodgment of mural thrombi may lead 
to embolization, which should be kept in mind. After approximately two days, steady state plasma 
PA levels are produced following regular oral administration of a given dose of Procan SR tablets 
at set intervals. After achieving and maintaining therapeutic plasma concentrations and satisfactory 
electrocardiographic and clinical responses, continued frequent periodic monitoring of vital signs 
and electrocardiograms is advised. If evidence of QRS widening of more than 25 percent or marked 
prolongation of the Q-T interval occurs, concern for overdosage is appropriate, and reduction in 
dosage is advisable if a 50 percent increase occurs. Elevated serum creatinine or urea nitrogen, 
reduced creatinine clearance, or history of renal insufficiency, as well as use in older patients (over 
age 50), provide grounds to anticipate that less than the usual dosage and longer time intervals 
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between doses may suffice, since the urinary elimination of PA and NAPA may be reduced, leading 
to gradual accumulation beyond normally predicted amounts. If facilities are available for 
measurement of plasma PA and NAPA, or acetylation capability, individual dose adjustment for 
optimal therapeutic levels may be easier, but close observation of clinical effectiveness is the most 
important criterion. In the longer term, periodic complete blood counts are useful to detect possible 
idiosyncratic hematologic effects of PA on neutrophil, platelet or red cell homeostasis; agranulo- 
cytosis has been reported to occur occasionally in patients on long-term PA therapy. A rising titer 
of serum ANA may precede clinical symptoms of the lupoid syndrome (see Boxed Warnings and 
ADVERSE REACTIONS). If the lupus erythematosus-like syndrome develops in a patient with 
recurrentlife-threatening arrhythmias not controlled by other agents, corticosteroid su ppressive 
therapy may be used concomitantly with PA. Since the PA-induced lupoid syndrome rarely includes 
the dangerous pathologic renal changes, PA therapy may not necessarily have to be stopped 
unless the symptoms of serositis and the possibility of further lupoid effects are of greater risk than 
the benefit of PA in controlling arrhythmias. Patients with rapid acetylation capability are less likely 
to develop the lupoid syndrome after prolonged PA therapy. Information for Patients: The 
physician is advised to explain to the patient that close cooperation in adhering to the prescribed 
dosage schedule is of great importance in controlling the cardiac arrhythmia safely. The patient 
should understand clearly that more medication is not necessarily better and may be dangerous, 
that skipping doses or increasing intervals between doses to suit personal convenience may lead 
to loss of control of the heart problem, and that “making up” missed doses by doubling up later 
may be hazardous. The patient should be encouraged to disclose any past history of drug 
sensitivity, especially to procaine or other local anesthetic agents, or aspirin, and to report any 
history of kidney disease, congestive heart failure, myasthenia gravis, liver disease, or lupus 
erythematosus. The patient should be counseled to report promptly any symptoms of arthralgia, 
myalgia, fever, chills, skin rash, easy bruising, sore throat or sore mouth, infections, dark urine 
or icterus, wheezing, muscular weakness, chest or abdominal pain, palpitations, nausea, vomiting, 
anorexia, diarrhea, hallucinations, dizziness, or depression. The patient should be advised not 
to break or chew the tablet as this would interfere with designed dissolution characteristics. The 
tablet matrix of Procan SR may be seen in the stool since it does not disintegrate following release 
of procainamide. Laboratory Tests: Laboratory tests such as complete blood count (CBC), 
electrocardiogram, and serum creatinine or urea nitrogen may be indicated, depending on the 
clinical situation, and periodic rechecking of the CBC and ANA may be helpful in early detection 
of untoward reactions. Drug Interactions: If other antiarrhythmic drugs are being used, additive 
effects on the heart may occur with PA administration, and dosage reduction may be necessary 
(see WARNINGS). Anticholinergic drugs administered concurrently with PA may produce additive 
antivagal effects on A-V nodal conduction, although this is not as well documented for PA as for 
quinidine. Patients taking PA who require neuromuscular blocking agents such as succinylcholine 
may require less than usual doses of the latter, due to PA effects on reducing acetylcholine release. 
Drug/Laboratory Test Interactions: Suprapharmacologic concentrations of lidocaine and 
meprobamate may inhibit fluorescence of PA and NAPA, and propranolol shows a native fluores- 
cence close to the PA/NAPA peak wavelengths, so that tests which depend on fluorescence 
measurement may be affected. Carcinogenesis, Mutagenesis, Impairment of Fertility: Long 
term studies in animals have not been performed. Teratogenic Effects: Pregnancy Category 
C: Animal reproduction studies have not been conducted with PA. It also is not known whether 
PA can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity. PA should be given to a pregnant woman only if clearly needed. Nursing Mothers: 
Both PA and NAPA are excreted in human milk, and absorbed by the nursing infant. Because 
of the potential for serious adverse reactions in nursing infants, a decision to discontinue nursing 
orthe drug should be made, taking into account the importance of the drug to the mother. Pediatric 
Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Cardiovascular System: Hypotension following oral PA administration 
is rare. Hypotension and serious disturbances of cardiorhythm such as ventricular asystole or 
fibrillation are more common after intravenous administration (see OVERDOSAGE, WARNINGS). 
Second degree heart block has been reported in 2 of almost 500 patients taking PA orally. 
Multisystem Effects: A lupus erythematosus-like syndrome of arthralgia, pleural or abdominal 
pain, and sometimes arthritis, pleural effusion, pericarditis, fever, chills, myalgia, and possibly related 
hematologic or skin lesions (see below) is fairly common after prolonged PA administration, 
perhaps more often in patients who are slow acetylators (See Boxed Warnings and PRE- 
CAUTIONS). While some series have reported less than 1 in 500, others have reported the 
syndrome in up to 30 percent of patients on long term oral PA therapy. If discontinuation of PA 
does not reverse the lupoid symptoms, corticosteroid treatment may be effective. Hematologic 
System: Neutropenia, thrombocytopenia, or hemolytic anemia may rarely be encou ntered. Agran- 
ulocytosis has occurred after repeated use of PA, and deaths have been reported (see WARNINGS 
and Boxed Warnings). Skin: Angioneurotic edema, urticaria, pruritus, flushing, and maculopapular 
rash have also occurred occasionally. Gastrointestinal System: Anorexia, nausea, vomiting, 
abdominal pain, bitter taste, or diarrhea may occur in 3 to 4 percent of patients taking oral 
procainamide. Hepatomegaly with increased serum aminotransferase activity has been reported 
after a single oral dose. Nervous System: Dizziness or giddiness, weakness, mental depression, 
and psychosis with hallucinations have been reported occasionally. 

OVERDOSAGE: Progressive widening of the QRS complex, prolonged QT and P-R intervals, 
lowering of the R and T waves, as well as increasing AV block, may be seen with doses which 
are excessive for a given patient. Increased ventricular extrasystoles, or even ventricular tachycardia 
or fibrillation may occur. After intravenous administration but seldom after oral therapy, transient 
high plasma levels of PA may induce hypotension, affecting systolic more than diastolic pressures, 
especially in hypertensive patients. Such high levels may also produce central nervous depression, 
tremor, and even respiratory depression. Plasma levels above 10 pg/mL are increasingly associated 
with toxic findings, which are seen occasionally in the 10 to 12 g/mL range, more often in the 
12 to 15 ug/mL range, and commonly in patients with plasma levels greater than 15 ug/mL. A 
single oral dose of 2 g may produce overdosage symptoms, while 3 g may be dangerous, 
especially if the patient is a slow acetylator, has decreased renal function, or underlying organic 
heart disease. Treatment of overdosage or toxic manifestations includes general supportive 
measures, close observation, monitoring of vital signs and possibly intravenous pressor agents 
and mechanical cardiorespiratory support. If available, PA and NAPA plasma levels may be helpful 
in assessing the potential degree of toxicity and response to therapy. Both PA and NAPA are 
removed from the circulation by hemodialysis but not peritoneal dialysis. No specific antidote for 
PA is known. 

Storage Conditions: Protect from moisture. Store bottles below 30°C (86°F). Store unit-dose 
packages at controlled room temperature, 15°-30°C (59°-86°F). 


Caution — Federal law prohibits dispensing without prescription. 


PARKE-DAVIS 


Division of Warner-Lambert Company 


Morris Plains, New Jersey 07950 0207G015 





CATCH EVERY MOVE THEY MAKE 
ALOKA SSD-870 COLOR DOPPLER 


Real-time two-dimensional ultrasound system 
for blood flow imaging with Cine Memory. 





normal normal 


Imaging information can now be stored and retrieved in detail thanks to 
the new Cine Memory system in the Aloka SSD-870. 


Then at your convenience, the study can be analyzed frame by frame 
to aid your diagnosis. Aloka's development of high performance imaging 
technology allows the dual 32-frame Cine Memory to display images with 
60-frame-per-second accuracy. And multi-functional phased array 
transducers have been developed for the Aloka SSD-870. 

Also high quality 2D, M mode, Conventional Pulsed and Continuous 
Doppler as well as Color Doppler studies are now possible through a single 


transducer. To learn more about the new Aloka SSD-870 Color Doppler 
system, please contact: 


D 
COROMETRICS A i O K A : 
In the U.S MEDICAL SYSTEMS, INC. 


Corometrics Medical Systems, Inc., 61 Barnes Park Road North ALOKA CO.,LTD.: 6-22-1 Mure, Mitaka-shi, Tokyo 181, Japan 
Wallingford, CT 06492-0333, Tel:203-484-4630. 800 624-7265 Tel: (0422)45-5111 Cable address: ALOKA MITAKA Telex: 02822-344 SSD 870 











1029 
Preparticipation Echocardiographic Screening for 
Cardiovascular Disease in a Large, Predominantly Black 
Population of Collegiate Athletes 

Jannet F. Lewis, Barry J. Maron, James A. Diggs, Jane E. Spencer, 
Prafulla P. Mehrotra, and Charles L. Curry 


The utility of echocardiography as a primary screening test for cardiovas- 
cular disease was assessed in a predominantly black population of 265 
collegiate athletes. Most (234, 88%) had no echocardiographic evidence of 
major cardiovascular disease, but 30 (1196) had mitral valve prolapse and 
1 had an atrial septal defect. In addition, 4 athletes had systemic hyperten- 
sion. The majority (236 of 265, 89%) showed left ventricular thickness 
«12 mm, but 29 (11%) had ventricular septal thickness of 213 mm 
(including 3 with 16 or 18 mm) that could not always be distinguished 
from mild expressions of hypertrophic cardiomyopathy. Therefore, athlet- 
ic screening using echocardiography as the primary screening test does not 
appear to be justified on a cost-effective basis. Moreover, the substantial 
minority of athletes with absolute increase in wall thickness makes inter- 
pretation of findings difficult in individual athletes. 





EDITORIALS 


1034 
The Cardiac Catheter: Past, Present and Future 
Charles E. Rackley and Lowell F. Satler 





1037 
Left Ventricular Diastolic Dysfunction Evaluated by Doppler 
Echocardiography in Patients with Diabetes Mellitus 

Samuel Zoneraich 





BRIEF REPORTS 


1039 

Comparison of Exercise Test Responses Before and After 
Either Percutaneous Transluminal Coronary Angioplasty or 
Coronary Artery Bypass Grafting 

Paul Dubach, Kenneth G. Lehmann, and Victor F. Froelicher 


1041 
Coronary Angioplasty Using the Probing Catheter in 
Combination with the Probe™ Balloon Wire 

Peter den Heijer, Rene B. van Dijk, Harry J.G.M. Crijns, Jos J. 
Groeskamp, and K.I. Lie 
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fingers guided by presbyopic eyes. 


Test it yourself. To see how easy handling Nitro-Dur 
can be, open one and handle it yourself. Compare it 


with other patches. 


Compare its thinness, its comfort, its appearance. 
Nitro-Dur clings bulklessly and bulgelessly to the 
skin, so thin that pores and texture show through... 
SO discreet about its presence that it's nearly 
invisible. Handle one and see. Handling is believing! 


The Anyfingers Patch. 


All nitroglycerin patches work. 


But Nitro-Dur is the one nitroglycerin patch that 
works so readily, any fingers can easily open and 
apply it...even stiff fingers, clumsy fingers, arthritic 








Nitro-Dur 
(nitroglycerin) 


Transdermal Infusion System 


Easy to 


remove. - 


5 mg patch, actual size. —_ 





Please see next page for brief summary of prescribing information. Copyright © 1988, Key Pharmaceuticals, Inc., Kenilworth, NJ 07033. All rights reserved. 


(nitroglycerin) 
Transdermal Infusion System 


¢ Easy opening—even for 
arthritic hands. 


e Round-the-clock cling—lies 
flat, holds tight. 


e Hard to notice, easy to wear— 
semitransparent, soft and 
flexible. 


e Push-button removal— just a 
press in the center raises the 
rim for easy lift-off. 


BRIEF SUMMARY 


INDICATIONS AND USAGE: This drug product 
has been conditionally approved by the FDA 
for the prevention and treatment of angina 
pectoris due to coronary artery disease. The 
conditional approval reflects a determination 
that the drug may be marketed while further in- 
vestigation of its effectiveness is undertaken. 
A final evaluation of the effectiveness of the 
product will be announced by the FDA. 


CONTRAINDICATIONS: Intolerance of organic 
nitrate drugs, marked anemia. 


WARNINGS: The NITRO-DUR system should be 
used under careful clinical and/or hemodynamic 
monitoring in patients with acute myocardial in- 
farction or congestive heart failure. 

In terminating treatment of anginal patients, 
both the dosage and frequency of application 
must be gradually reduced over a period of 4 to 
6 weeks in order to prevent sudden withdrawal 
reactions, which are characteristic of all vaso- 
dilators in the nitroglycerin class. 


PRECAUTIONS: Symptoms of hypotension, such 
as faintness, weakness or dizziness, particularly 
orthostatic hypotension, may be due to over- 
dosage. If during the course of treatment these 
symptoms occur, the dosage should be reduced 
or use of the product discontinued. 

NITRO-DUR is not intended for use in the 
treatment of acute anginal attacks. For this pur- 
pose, occasional use of sublingual nitroglycerin 
may be necessary. 

Pregnancy: Pregnancy Category C. Animal 
reproduction studies have not been conducted 
with NITRO-DUR. It is also not known whether 
nitroglycerin can cause fetal harm when adminis- 
tered to a pregnant woman or can affect repro- 
duction capacity. Nitroglycerin should be given to 
a pregnant woman only if clearly needed. 
Nursing Mothers: It is not known whether nitro- 
glycerin is excreted in human milk. Because 
many drugs are excreted in human milk, caution 
should be exercised when NITRO-DUR is admin- 
istered to a nursing woman. 


ADVERSE REACTIONS: Transient headache is 
the most common side effect, especially when 
higher doses of the drug are administered. Head- 
aches should be treated with mild analgesics 
while continuing NITRO-DUR therapy. If head- 
ache persists, the NITRO-DUR dosage should be 
reduced or use of the product discontinued. 

Adverse reactions reported less frequently in- 
clude hypotension, increased heart rate, faint- 
ness, flushing, dizziness, nausea, vomiting, and 
dermatitis. Except for dermatitis, these symptoms 
are attributed to the pharmacologic effects of 
nitroglycerin. However, they may be symptoms of 
overdosage. When they persist, the NITRO-DUR 
dosage should be reduced or use of the product 
discontinued. 


CAUTION: Federal law prohibits dispensing 
without prescription. EDP #1030160 
Revised 09/87 14362304 
Copyright © 1987, Key Pharmaceuticals, Inc. 
Kenilworth, NJ 07033. All rights reserved. 


















All transdermal nitroglycerin products are being market- 
ed pending final evaluation of effectiveness by the FDA. 


Key Pharmaceuticals, Inc. 

/ (=). Kenilworth, NJ 07033 USA 

World leader in drug delivery systems. 
ND-2142/14579303 


CARDIOLOGIST 
PACIFIC NORTHWEST 


Position available for invasive cardiologist with large multi- 
specialty group in Portland, Oregon. Practice provides wide 
variety of cases, stimulating professional environment, and 


quality lifestyle in beautiful Pacific Northwest. Competitive 
salary and comprehensive benefits, including generous pen- 
sion program, sabbatical leave and professional liability cov- 
erage. Forward inquiry and CV to: Fred M. Nomura, M.D., Re- 
gional Medical Director, Northwest Permanente, P.C., 3600 N. 
interstate Avenue, Portland, Oregon 97227. 





CARDIOLOGIST: Ohio, BC/BE, with training in invasive and 
noninvasive procedures. To join three BC, F.A.C.C. cardiolo- 
gists in consultative cardiology practice. Position available 
July 1, 1989 or earlier if possible. Please send curriculum vitae 
and convenient date for interview to Box 955, The American 
Journal of Cardiology, 249 W. 17th St., New York, N.Y. 10011. 


CARDIOLOGIST—BC/BE, Invasive referral practice, 

quaranteed salary. Willing to supplement Cardiology 

with IM. Central Florida. CV to Box 1030, The American 

po of Cardiology, 249 W. 17th St., New York, N.Y. 
0011. 


ABRAHAM A. MITCHELL 
CHAIR IN INTERVENTIONAL CARDIOLOGY 
UNIVERSITY OF SOUTH ALABAMA 
COLLEGE OF MEDICINE 


The University of South Alabama College of 
Medicine invites nominations and applications 
for the Abraham A. Mitchell Chair of Interven- 
tional Cardiology. The position will include clin- 
ical and teaching activity, but the primary em- 
phasis will be in the direction and coordination 
of research activity in interventional cardiology. 
Candidates should have at least three years of 
experience as a board certified invasive cardi- 
ologist and an established record of research 
productivity. Salary, fringe benefits and other 
support commensurate with the position are 
available. 


Please direct nominations or applications to: 
Richard D. deShazo, M.D., Professor and 
Chairman, Department of Medicine, Chair, 
Endowed Search Committee, University of 
South Alabama Medical Center, Mastin Build- 
ing, Room 409, 2451 Fillingim Street, Mobile, 
AL 36617. 








Over 21,000 patients confirm 
real-life benefits with 








(Guanfacine HCI) 


1 mg & 2 mg Tablets 


When more than a thiazide diuretic is needed 


A mean blood pressure 
reduction of 17/12 mmHg 


Well tolerated throughout 
the patient population studied? 7% 


Over 80% of patients studied MA 
were continued on ‘Tenex 


Pre , 


1armaceutical Division, Richmond, Virginia 232616609 
4. H. Robins Company 1989 





The following is a brief summary only. Before prescribing, see 
complete prescribing information in Tenex product labeling 


Indications and Usage: Tenex (guanfacine hydrochloride) is indi- 
cated in the management of hypertension. Since dosing information 
(see Dosage and Administration) has been established in the 
presence of a thiazide-type diuretic; Tenex should, therefore, be used 
in patients who are already receiving a thiazide-type diuretic 
Contraindications: Tenex is contraindicated in patients with known 
hypersensitivity to guanfacine hydrochloride. 

Precautions: General. Like other antihypertensive agents, Tenex 
(guanfacine hydrochloride) should be used with caution in patients 
with severe coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal or hepatic failure 

Sedation. Tenex, like other orally active central alpha-2 adrenergic 
agonists, causes sedation or drowsiness, especially when beginning 
therapy. These symptoms are dose-related (see Adverse Reactions) 
When Tenex is used with other centrally active depressants (such as 
phenothiazines, barbiturates, or benzodiazepines), the potential for 
additive sedative effects should be considered. 

Rebound. Abrupt cessation of therapy with orally active central 
alpha-2 adrenergic agonists may be associated with increases (from 
depressed on-therapy levels) in plasma and urinary catecholamines, 
symptoms of "nervousness and anxiety" and, less commonly, 
increases in blood pressure to levels significantly greater than those 
prior to therapy. 

Information for Patients. Patients who receive Tenex should be 
advised to exercise caution when operating dangerous machinery or 
driving motor vehicles until it is determined that they do not become 
drowsy or dizzy from the medication. Patients should be warned that 
their tolerance for alcohol and other CNS depressants may be 
diminished. Patients should be advised not to discontinue therapy 
abruptly 

Laboratory Tests. In clinical trials, no clinically relevant laboratory 
test abnormalities were identified as causally related to drug during 
short-term treatment with Tenex (guanfacine hydrochloride) 

Drug interactions. The potential for increased sedation when Tenex 
is given with other CNS-depressant drugs should be appreciated 

The administration of guanfacine concomitantly with a known micro- 
somal enzyme inducer (phenobarbital or phenytoin) to two patients 
with renal impairment reportedly resulted in significant reductions in 
elimination half-life and plasma concentration. In such cases, there- 
fore, more frequent dosing may be required to achieve or maintain the 
desired hypotensive response. Further, if guanfacine is to be discon- 
tinued in such patients, careful tapering of the dosage may be 
necessary in order to avoid rebound phenomena (see Rebound 
above) 

Anticoagulants. Ten patients who were stabilized on oral anti- 
coagulants were given guanfacine, 1—2 mg/day, for 4 weeks. No 
changes were observed in the degree of anticoagulation 

In several well-controlled studies, guanfacine was administered 
together with diuretics with no drug interactions reported. In the long- 
term safety studies, Tenex was given concomitantly with many drugs 
without evidence of any interactions. The principal drugs given 
(number of patients in parentheses) were: cardiac glycosides (115), 
sedatives and hypnotics (103), coronary vasodilators (52), oral 
hypoglycemics (45), cough and cold preparations (45), NSAIDs (38), 
antihyperlipidemics (29), antigout drugs (24), oral contraceptives (18), 
bronchodilators (13), insulin (10), and beta blockers (10) 

Drug/Laboratory Test Interactions. No laboratory test abnormalities 
related to the use of Tenex (guanfacine hydrochloride) have been 
identified 

Carcinogenesis, Mutagenesis, Impairment of Fertility. No 
carcinogenic effect was observed in studies of 78 weeks in mice at 
doses more than 150 times the maximum recommended human dose 
and 102 weeks in rats at doses more than 100 times the maximum 
recommended human dose. In a variety of test models guanfacine was 
not mutagenic 

No adverse effects were observed in fertility studies in male and 
female rats 

Pregnancy Category B. Administration of guanfacine to rats at 70 
times the maximum recommended human dose and rabbits at 20 
times the maximum recommended human dose resulted in no 
evidence impaired fertility or harm to the fetus. Higher doses (100 and 
200 times the maximum recommended human dose in rabbits and rats 
respectively) were associated with reduced fetal survival and maternal 
toxicity Rat experiments have shown that guanfacine crosses the 
placenta 


' All results from a four-week, open-label, baseline-controlled postmarketing evaluation of Tenex in over 
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There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during preg- 
nancy only if clearly needed 

Labor and Delivery. Tenex (guanfacine hydrochloride) is not recom- 
mended in the treatment of acute hypertension associated with toxe- 
mia of pregnancy. There is no information available on the effects of 
guanfacine on the course of labor and delivery 

Nursing Mothers. It is not known whether Tenex (guanfacine hydro- 
chloride) is excreted in human milk. Because many drugs are excreted 
in human milk, caution should be exercised when Tenex is admin- 
istered to a nursing woman. Experiments with rats have shown that 
guanfacine is excreted in the milk 

Pediatric Use. Safety and effectiveness in children under 12 years of 
age have not been demonstrated. Therefore, the use of Tenex in this 
age group is not recommended 
Adverse Reactions: Adverse reactions noted with Tenex (guanfacine 
hydrochloride) are similar to those of other drugs of the central a-2 
adrenoreceptor agonist class: dry mouth, sedation (somnolence), 
weakness (asthenia), dizziness, constipation, and impotence. While 
the reactions are common, most are mild and tend to disappear on 
continued dosing 

Skin rash with exfoliation has been reported in a few cases; although 
clear cause and effect relationships to Tenex could not be established, 
should a rash occur, Tenex should be discontinued and the patient 
monitored appropriately. 

In a 12-week placebo-controlled, dose-response study the 
frequency of the most commonly observed adverse reactions showed 
a clear dose relationship from 0.5 to 3 mg, as follows 


Reaction 


Assigned Treatment Group 


Placebo O0.5mg 1.0mg 20mg 3.0 mg 
= 72 72 
Dry Mouth 5 (7%) 4 (5%) 6 (8%) 8 (11%) 20 (28%) 
Somnolence 1 (1%) 3 (4%) O (0%) 1 (1%) 10 (14%) 
Asthenia o (0%) 2 (3%) 0 (0%) 2 (2%) 7 (10%) 
Dizziness 2 (2%) 1 (1%) 3 (4%) 6 (8%) 3 (4%) 
Headache 3 (4%) 4 (3%) 3 (4%) 1 (1%) 2 (2%) 
Impotence 1 (1%) 1 (0%) O (0%) 1 (1%) 3 (4%) 
Constipation o (0%) o (0%) 0 (0%) 1 (1%) 1 (1%) 
Fatigue 3 (399) 2 (3%) 2 (3%) 5 (6%) 3 (4%) 


There were 41 premature terminations because of adverse reactions 
in this study. The percent of patients who terminated and the dose at 
which they terminated were as follows: 


Dose: Placebo 
Terminated 6.9% 4.296 3.296 6.996 8.3% 
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Reasons for dropouts among patients who received guanfacine 
were: somnolence, headache, weakness, dry mouth, dizziness, 
impotence, insomnia, constipation, syncope, urinary incontinence, 
conjunctivitis, paresthesia, and dermatitis 

In a second placebo-controlled study in which the dose could be 
adjusted upward to 3 mg per day in 1-mg increments at 3-week inter- 
vals, i.e., a setting more similar to ordinary clinical use, the most 
commonly recorded reactions were: dry mouth 47%, constipation 
16%, fatigue 12%, somnolence 10%, asthenia 6%, dizziness 6%, 
headache 4%, and insomnia 4% 

Reasons for dropouts among patients who received guanfacine 
were: somnolence, dry mouth, dizziness, impotence, constipation, 
confusion, depression, and palpitations 

In the clonidine/guanfacine comparison described in Clinical Phar- 
macology, the most common adverse reactions noted were 


Guanfacine (n — 279) Clonidine (n— 278) 


Dry mouth 30% 37% 
Somnolence 21% 35% 
Dizziness 11% 8% 
Constipation 10% 5% 
Fatique 9% 8% 
Headache 4% 4% 
Insomnia 4% 3% 


21,000 patients with mild to moderate hypertension. The physicians participating in this study were recruited 


by A.H. Robins’ representatives. Data on file. 
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When more than a thiazide diuretic is needed 


Adverse reactions occurring in 3% or less of patients in the three 
controlled trials were 


Cardiovascular— 
Gastrointestinal— 


CNS— 
ENT disorders— 


Eye disorders— 
Musculoskeletal— 


bradycardia, palpitations, substernal pain 
abdominal pain, diarrhea, dyspepsia, 
dysphagia, nausea 

amnesia, confusion, depression, insomnia, 
libido decrease 

rhinitis, taste perversion, tinnitus 
conjunctivitis, iritis, vision disturbance 

leg cramps, hypokinesia 


Respiratory— dyspnea 

Dermatologic— dermatitis, pruritus, purpura, sweating 
Urogenital— testicular disorder, urinary incontinence 
Other— malaise, paresthesia, paresis 


Adverse reaction reports tend to decrease over time. In an open- 
label trial of one year's duration, 580 hypertensive subjects were given 
guanfacine, titrated to achieve goal blood pressure, alone (51%), with 
diuretic (38%), with beta blocker (3%), with diuretic plus beta blocker 
(6%), or with diuretic plus vasodilator (2%). The mean daily dose of 
guanfacine reached was 4.7 mg 


Incidence of adverse Incidence of 

Adverse Reaction reactions at any time adverse reactions 

during the study at end of one year 

N 580 580 

Dry mouth 60% 15% 
Drowsiness 33% 6% 
Dizziness 15% 1% 
Constipation 14% 3% 
Weakness 5% 1% 
Headache 4% 0.2% 
Insomnia 5% 0% 


There were 52 (8.9%) dropouts due to adverse effects in this 1-year 
trial. The causes were: dry mouth (n = 20), weakness (n = 12), 
constipation (n = 7), somnolence (n = 3), nausea (n = 3), orthostatic 
hypotension (n = 2), insomnia (n= 1), rash (n= 1), nightmares (n= 1), 
headache (n= 1), and depression (n= 1) 

Postmarketing Experience. An open label postmarketing study 
involving 21,718 patients was conducted to assess the safety and effi- 
cacy of Tenex (guanfacine hydrochloride) when administered with or 
without other antihypertensive agents. The most commonly reported 
adverse events in this study were the same as those observed in 
controlled clinical trials. Adverse events reported in the postmarketing 
study at an incidence greater than 196 included: dry mouth (6.196), 
dizziness (2.8%), somnolence (2.6%), fatigue (2.5%), headache 
(1.8%), and nausea (1.2%) 

Less frequent, possibly Tenex-related events observed in the post- 
marketing study and/or reported spontaneously include 


BODY AS A WHOLE asthenia. chest pain, edema, malaise 


tremor 

CARDIOVASCULAR bradycardia, palpitations. syncope, 
tachycardia 

CENTRAL NERVOUS SYSTEM aresthesias, vertigo 

EYE DISORDERS lurred vision 

GASTROINTESTINAL SYSTEM: abdominal pain, constipation, diarrhea, 
dyspepsia 


abnormal liver function tests 

MUSCULO-SKELETAL SYSTEM. arthralgia, leg cramps, leg pain, myalgia 

PSYCHIATRIC agitation, anxiety, confusion, depression, 
insomnia, nervousness 

REPRODUCTIVE SYSTEM, MALE: impotence 

RESPIRATORY SYSTEM dyspnea 

SKIN AND APPENDAGES alopecia, dermatitis, exfoliative 


ermatitis, pruritus, rash 
SPECIAL SENSES 


alterations in taste 
URINARY SYSTEM nocturia, urinary frequency 


LIVER AND BILIARY SYSTEM: 


Rare, serious disorders with no definitive cause and effect relationship 
to Tenex have been reported spontaneously and/or in the post- 
marketing study. These events include acute renal failure, cardiac 
fibrillation, cerebrovascular accident, congestive heart failure, heart 
block, and myocardial infarction. 

Drug Abuse and : No reported abuse or dependence has 
been associated with the administration of Tenex (guanfacine 
hydrochloride) 
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A Totally New Approach 


To Critical Care | 
rhythmia Monitoring. 


The way most arrhythmia moni- 
toring systems work leaves a lot to 
be desired. By capturing and storing 
only arrhythmic events, important 
ECG information before 
and after the event is not 
available—forcing the 
Full-Disclosure clinician to make critical 
Arrhythmi J decisions based only upon 


isolated arrhythmias. 
For The 


me Now, there is an alter- 
“a| CCU/ Stepdown (QE native. It’s the SpaceLabs® 
2. Full-Disclosure Arrhythmia 
System which provides 
full-disclosure multiple- 
lead ECG, without the need for a 
separate Holter recording. 
This system collects data 
directly from SpaceLabs PCMS 
patient monitors via SpaceLabs 
Ethernet" communications net- 
work and is fully compatible with 
| SpaceLabs PCMS telemetry. 
i ~ 4 By offering complete retrospec- 
= Re fd tive data, full-disclosure arrhythmia 
serves as a powerful tool designed to 
assist you in making more informed, 
confident diagnoses and treatment 
decisions. Risks due to partial or 
incomplete information are elimi- 
nated. If desired, full-disclosure of 
all monitored parameters, such as 
blood pressures, respiration and 
end tidal CO, can be provided to 
correlate arrhythmic events with 
other physiological effects. 

Why risk knowing anything less? 
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Incidence of ischemic ST segment 
changes in 24 patients with 
documented coronary artery disease. 
Data are corrected for time of 
awakening . . . peak ischemic activity 
occurred within the first 3 hours after 
awakening. 


Nh 


TS 
Cc 


Oo 
-— 
- 
o 
E 
o) 
A 
a 


— Adapted from Rocco et al, Circulation, 1987." 


Studies indicate that a similar circadian pattern also 
exists for: 
— Myocardial infarction* 


— Sudden cardiac death? 
— |schemic stroke^ 
—Heart rate? 

— Blood pressure? 

— Plasma catecholamines? 
—Platelet aggregation.* 
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Corgard? (nadolol tablets) is not indicated for treatment or prevention of 
myocardial infarction, sudden cardiac death, or ischemic stroke. 
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24-hour antianginal protection... 
throughout the circadian pattern 
of myocardial ischemia" 











Corgard: The beta blocker Corgard: Significantly greater 
with the longest duration of action®... | suppression of exercise double 
and the longest half life? product than atenolol at 24 hours” 
20- 
CORGARD 24 h : wm 
Propranolol LA 10h = 16000 
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Beta-blocker serum half life (hours).? Adapted from Kostis, Am J Cardiol. 1988 ! 
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CORGARD* TABLETS 
Nadolol Tablets USP 


DESCRIPTION: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor block- 
ing agent. 

CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree con- 
duction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component supporting 
circulatory function in congestive heart failure, and its inhibition by beta-blockade may precipitate 
more severe failure. Although beta-blockers should be avoided in overt congestive heart failure, if 
necessary, they can be used with caution in patients with a history of failure who are well- 
compensated, usually with digitalis and diuretics. Beta-adrenergic blocking agents do not abolish 
the inotropic action of digitalis on heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART 
FAILURE, continued use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at 
first sign or symptom of heart failure, digitalize and/or give diuretics, and closely observe re- 
sponse, or discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal—Hypersen- 
sitivity to catecholamines has been observed in patients withdrawn from beta-blocker ther- 
apy; exacerbation of angina and, in some cases, myocardial infarction have occurred after 
abrupt discontinuation of such therapy. When discontinuing chronic use of nadolol, particu- 
larly in patients with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
period and carefully monitor the patient. Reinstitute nadolol promptly (at least temporarily) 


and take other measures appropriate for management of unstable angina if angina markedly 
worsens or acute coronary insufficiency develops. Warn patients not to interrupt or discon- 
tinue therapy without physician's advice. Because coronary artery disease is common and 
may be unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
patients treated only for hypertension. 





Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. Ad- 
minister nadolol with caution since it may block bronchodilation produced by endogenous or 
exogenous catecholamine stimulation of beta, receptors. 


Major Surgery—Because beta blockade impairs the ability of the heart to respond to reflex 
stimuli and may increase risks of general anesthesia and surgical procedures, resulting in protracted 
hypotension or low cardiac output, it has generally been suggested that such therapy should be 
withdrawn several days prior to surgery. Recognition of the increased sensitivity to catecholamines 
of patients recently withdrawn from beta-blocker therapy, however, has made this recommenda- 
tion controversial. If possible, withdraw beta-blockers well before surgery takes place. In emer- 
gency surgery, inform the anesthesiologist that the patient is on beta-blocker therapy. Use of 
beta-receptor agonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse 
the effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been reported 
with beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia—Beta-adrenergic blockade may prevent the appearance of pre- 
monitory signs and symptoms (e.g., tachycardia and blood pressure changes) of acute hypogly- 
cemia. This is especially important with labile diabetics. Beta-blockade also reduces release of 
insulin in response to hyperglycemia; therefore, it may be necessary to adjust dose of antidiabetic 
drugs. 


Thyrotoxicosis—Beta-adrenergic blockade may mask certain clinical signs (e.9., tachycardia) 
of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic blockade which might precipi- 
tate a thyroid storm, carefully manage patients suspected of developing thyrotoxicosis. 


PRECAUTIONS: Impaired Renal Function—Use nadolol with caution (see DOSAGE AND AD- 
MINISTRATION section of package insert). 


Information for Patients—Warn patients, especially those with evidence of coronary artery 
insufficiency, against interruption or discontinuation of nadolol without physician's advice. Although 
cardiac failure rarely occurs in properly selected patients, advise patients being treated with beta- 
adrenergic blocking agents to consult physician at first sign of impending failure. Advise patients 
in event of missed doses. 


Drug Interactions—Concurrent administration may result in interactions with: Anesthetics, 
general—exaggeration of the hypotension induced by general anesthetics (see WARNINGS, Ma- 
jor Surgery). Antidiabetic drugs (oral agents and insulin) -hypoglycemia or hyperglycemia; adjust 
antidiabetic drug dosage accordingly (see WARNINGS, Diabetes and Hypoglycemia). Cate- 
cholamine-depleting drugs (e.g., reserpine)—additive effect; monitor closely for hypotension and/or 
excessive bradycardia. 


Mutagenesis, Im of Fertility—in 1 to 2 year oral toxicologic stud- 
ies in mice, rats, and dogs, nadolol did not produce significant toxic effects. In 2-year oral carcino- 
genic studies in rats and mice, nadolol did not produce neoplastic, preneoplastic, or nonneoplastic 
pathologic lesions. 


Pregnancy C-In animal reproduction studies with nadolol, evidence of embryo- and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greater (on a 
mg/kg basis) than maximum indicated human dose; no teratogenic potential was seen in any of 
these species. There are no well-controlled studies in pregnant women; therefore, use nadolol in 


EEE 


120 mg 160 mg 


pregnantwomen only if potential benefit justifies potential risk to the fetus. Neonates of mothers who 
received nadolol at parturition have exhibited bradycardia, hypoglycemia and associated symptoms. 


Nursing Mothers—Nadolo! is excreted in human milk. Exercise caution when nadolol is 
administered to a nursing woman. 


Pediatric Use—Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient and have rarely 
required nadolol withdrawal. 


Cardiovascular —&radycardia with heart rates of less than 60 beats per minute occurs com- 
monly, and heart rates below 40 beats per minute and/or symptornatic bradycardia were seen in 
about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually of the Raynaud 
type, have occurred in approximately 2 of 100 patients. Cardiac failure, hypotension, and rhythm/ 
conduction disturbances have each occurred in about 1 of 100 patients. Single instances of first 
degree and third degree heart block have been reported; intensification of AV block is a known 
effect of beta-blockers (see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Cen- 
tral Nervous System—Dizziness or fatigue reported in approximately 2 of 100 patients; paresthe- 
sias, sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory—Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDI- 
CATIONS and WARNINGS). Gastrointestinal—Nausea, diarrhea, abdominal discomfort, consti- 
pation, vomiting, indigestion, anorexia, bloating, and flatulence each reported in 1 to 5 of 1000 
patients. Miscellaneous— Each of the following reported in 1 to 5 of 1000 patients: rash; pruritus; 
headache; dry mouth, eyes, or skin; impotence or decreased libido; facial swelling; weight gain; 
slurred speech; cough; nasal stuffiness; sweating; tinnitus; blurred vision; infrequent reversible 
alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or other 
beta-adrenergic blocking agents, but no causal relationship to nadolol has been established. 
Central Nervous System—reversible mental depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place; short-term memory loss, emotional lability with slightly clouded sensorium; decreased 
performance on neuropsychometrics. Gastrointestinal—mesenteric arterial thrombosis; ischemic 
colitis; elevated liver enzymes. Hematologic—agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. Allergic—fever combined with aching and sore throat; laryngospasm; 
respiratory distress. Miscellaneous— pemphigoid rash; hypertensive reaction in patients with 
pheochromocytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 


OVERDOSAGE: Nadolo! can be removed from the general circulation by hemodialysis. In addi- 
tion to gastric lavage, employ the following measures as appropriate. In determining duration of 
corrective therapy, take note of long duration of effect of nadolol. 


Excessive Bradycardia—Administer atropine (0.25 to 1.0 mg). If there is no response to vagal 
blockade, administer isoproterenol cautiously. 


Cardiac Failure—Administer a digitalis glycoside and diuretic. It has been reported that glucagon 
may also be useful in this situation. 


—Administer vasopressors, e.g., epinephrine or levarterenol. (There is evidence 
that epinephrine may be the drug of choice.) 


Bronchospasm —Administer a beta,-stimulating agent and/or a theophylline derivative. 


DOSAGE --For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; may be gradually increased in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing of the 
heart rate; usual maintenance dose is 40 or 80 mg qd (doses up to 160 or 240 mg daily may be 
needed). If treatment is to be discontinued, reduce dosage gradually over a period of 1 to 2 weeks 
(see WARNINGS). 

For hypertension, usual initial dose is 40 mg qd; gradually increase in 40 to 80 mg increments 
until optimum blood pressure reduction is achieved; usual maintenance dose is 40 or 80 mg ad 
(doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for dosage 
in these patients. 


For full prescribing information consult package insert. 


HOW SUPPLIED: in scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per tablet in 

bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 1000 tablets. The 

20 mg, 40 mg, and 80 mg tablets are also available in Unimatic* unit-dose packs of 100 tablets. 
(J4-156) 
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Controlled clinical studies of over 
000,000 intravenous procedures establish: 


NONIONICS 
ARE 


SAFER... 





CLINICAL EVIDENCE 
UPHOLDS THE PROMISE 
OF NONIONICS. 


COMPELLING IMPLICATIONS 
FOR THE FUTURE... 





“Non-ionic media are 
saler for all groups... 
the results indicate 
that it is safer to be at 
high risk and receive 
a non-ionic medium 
than to be at low risk 
nd receive a conven- 
tional ionic medium" 


Palmer 


Incidence (96) of 
Total Adverse Reactions 





NONIONICS vs IONICS 
Adverse Reactions in Intravenous Procedures 
as Po idis from ein ger Tui 
atayama. olf et al. 
12.66% 
4 
10 
3 
5 2 
1 
jt - 0 
Nonionics — lonics OMNIPAQUE® lonics 
n—168,363 n=169,284 n-— 7,170 n — 6,006 


Superior safety profile confirmed in another 
major study including 50,642 patients: 97.996 
of iohexol patients experienced no adverse 
reactions.^ Adapted from Schrott et al. 


"The apparently large difference in safety 
[between nonionics and ionics] may make 
further direct comparisons with randomized 
trials in routine care difficult." Wolf et al. 


All nonionic iodinated contrast media currently available 
inhibit blood coagulation, in vitro, less than ionic contrast 
media. Clotting has been reported when blood remains 
in contact with syringes containing nonionic contrast 
media. Therefore, meticulous intravascular administration 
technique is necessary to minimize thromboembolic 
events. Please see next page for brief summary of 
prescribing information. 


Winthrop 


DIAGNOSTIC IMAGING DIVISION 
Makers of Nonionic OMNIPAQUE® (iohexol) 


OMNIPAQUE [10 (80) [220] B00 (S50) 


INJECTION (IOHEXOL) 
INTRAVASCULAR/BODY CAVITIES 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 
A SUMMARY FOLLOWS: 


DESCRIPTION: OMNIPAQUE is a sterile, pyrogen- and preservalive-free, nonionic, water-soluble radiographic 
contras! medium for intravascular administration in concentrations of 140, 180, 240, 300, and 350 mgl/mL 
OMNIPAQUE 140 contains 302 mg of iohexol equivalent to 140 mg of organic iodine per mL; OMNIPAQUE 180 
conlains 388 mg of iohexol equivalent to 180 mg of organic iodine per mL; OMNIPAQUE 240 contains 518 mg of 
iohexol equivalent to 240 mg of organic iodine per mL, OMNIPAQUE 300 contains 647 mg of iohexol equivalent to 
300 mg of organic iodine per mL; and OMNIPAQUE 350 contains 755 mg of iohexol equivalent to 350 mg of organic 
iodine per mL. Each milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg edelate calcium 
disodium with the pH adjusted between 6.8 and 7 7 with hydrochloric acid or sodium hydroxide. Unused portions 
must be discarded lohexol solution is sensitive to light and should be protected from exposure 
PONIRABUTSAN UMS: OMNIPAQUE should not be administered to patients with a known hypersensitivity to 
iohexo 
WARNINGS: Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less than ionic contrast media 
Clotting has been reported when blood remains in contact with syringes containing nonionic contrast media 
Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic contras! media Therefore, meticulous intravascular 
administration technique is necessary, particularly during angiographic procedures, to minimize thromboembolic 
events Numerous factors, including length of procedure, catheter and syringe material, underlying disease stale, 
and concomitant medications may contribute to the development of thromboembolic events. For these reasons. 
meticulous angiographic techniques are recommended including close attention to guidewire and catheler 
manipulation, use of manifold systems and/or three-way stopcocks, frequent catheter flushing with heparinized 
saline solutions and minimizing the length of the procedure. The use of plastic syringes in place of glass syringes 
has been reported to decrease but not eliminate the likelihood of in vitro clotting 
OMNIPAQUE should be used with extreme care in patients with severely impaired renal and/or hepatic function. 
severe thyrotoxicosis. hyperthyroidism, or an autonomously functioning thyroid nodule, diabetes with a serum 
creatinine level above 3 mg/dL. It is nol recommended for use in patients with anuria 
Patients with known or suspected pheochromocytoma should receive a minimum of contrast medium it the benefit 
of the examination is judged to outweigh its risk, blood pressure should be monitored throughout the procedure, and 
measures for the treatment of hypertensive crisis should be readily available 
Contrast agents are potentially hazardous in patients with multiple myeloma or other paraproleinemia, particularly 
those with therapeutically resistant anuria The combination of contrast agent and dehydration may precipitate 
myeloma protein in the renal tubules. No form of therapy, including dialysis, has been successful in reversing the 
effect Myeloma, which occurs most commonly in persons over age 40, should be considered before instituting 
intravascular administration of contrast agents 
lonic contrast media, when injected intravenously or intra-arterially, may promote sickling in individuals who are 
homozygous for sickle cell disease 
PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents should be carried out 
under the direction of personne! with the prerequisite training and with a thorough knowledge of the particular 
procedure lo be performed Appropriate facilities should be available for coping with any complication of the 
procedure, as well as for emergency treatment of severe reactions to the contrast agent itself. Competent personnel 
and emergency facilities should be available for al least 30 to 60 minutes, since severe delayed reactions have 
occurred (see ADVERSE REACTIONS) The possibility of serious, life-threatening, fatal, anaphylactoid, or car- 
diovascular reactions should always be considered (see ADVERSE REACTIONS). It is of utmost importance that a 
course of action be carefully planned in advance for immediate treatment of serious reactions Preparatory 
dehydration is dangerous and may contribute to acute renal failure in patients with advanced vascular disease, in 
diabelic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal disease), infants, and 
small children. Patients should be well hydrated prior to and following 1ohexol administration, Careful consideration 
of the potential risk of acute renal failure should be given before performing excretory urography in diabelic patients 
with diabetic nephropathy and in susceptible nondiabetic patients (often elderly with preexisting renal disease) 
immediately following surgery, excretory urography should be used with caution in renal transplant recipients. The 
possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS) The susceptible population includes, but is not limited to, patients with a history of a previous reaction 
to contrast media, patients with a known sensitivity to iodine per se, and patients with a known clinical 
hypersensitivity: bronchial asthma, hay fever, and food allergies. A thorough medical history wilh emphasis on 
allergy and hypersensitivity, prior to the injection of any contrast media, may be more accurale than pretesting in 
predicting polential adverse reactions 
A positive history of allergies or hypersensitivity does nol arbitrarily contraindicate the use of a contrast agent 
where a diagnostic procedure is thought essential. but caution should be exercised (see ADVERSE REACTIONS) 
Premedicalion with antihistamines or corticosteroids to avoid or minimize possible allergic reactions in such 
patients should be considered and administered using separate syringes Recent reports indicate that such 
pretreatment does not prevent serious, life-threatening reactions bul may reduce both their incidence and severity 
Even though the osmolality of OMNIPAQUE is low compared to diatrizoale- or iothalamale-based ionic agents of 
comparable iodine concentration, the potential transitory increase in circulatory osmotic load in patients with 
congestive hear! failure requires caulion ‘during injection. These patients should be observed for several hours 
following the procedure to detect delayed hemodynamic disturbances 
General anesthesia may be indicated in the performance of some procedures in selected adult patients; however, a 
higher incidence of adverse reactions has been reported in these patients and may be attributable to the inability of 
the patient to identity untoward symploms or to the hypotensive effect of the anesthesia, which can reduce cardiac 
output and increase the duration of exposure lo the contrast agent 
Angiography should be avoided whenever possible in patients with homocystinuria, because of the risk of 
inducing thrombosis and embolism 
In angiographic procedures, the possibility of dislodging plaques or damaging or perforating the vessel wall 
should be borne in mind during the catheler manipulations and contrast medium injection. Test injections to ensure 
proper catheter placement are recommended 
Selective coronary arteriography should be performed only in those patients in whom the expected benefits 
outweigh the potential risk The inherent risks of angiocardiography in patients with chronic pulmonary emphysema 
must be weighed against Ihe necessity for performing this procedure 
When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn into 
the syringe and used immediately 
It nondisposable equipment is used, scrupulous care should be taken to prevent residual contamination with 
traces of Cleansing agents 
Parenteral products should be inspected and discarded if particulate matter or discoloration is 
resent. 
rug/Laboratory Test Interaction: If iodine-containing isotopes are to be administered for the diagnosis of 
thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up to 2 weeks aller contrast medium 
administration Thyroid tunction tests which do not depend on iodine estimation, eg, T4 resin uptake or direct 
thyroxine assays. are not affected Many radiopaque contrast agents are incompatible in vitro with some 
antihistamines and many other drugs; therefore, no other pharmaceuticals should be admixed wilh contrast agents 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have been performed 
to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended human dose No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE There are. however, no studies in pregnant women. Because animal reproduction studies are nol 
always predictive of human response, this drug should be used during pregnancy only if Clearly needed 
Nursing Mothers: |! is not known to what extent iohexol is excreted in human milk However, many injectable 
contrast agents are excreted unchanged in human milk. Although il has not been established thal serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are administered 
to nursing women Bottle feedings may be substituted for breast feedings for 24 hours following administration of 
OMNIPAQUE 
Pediatric Use (Indicated for Angiocardiography and Urography): Pediatric patients al higher risk of 
experiencing adverse events during contrast medium administration may include those having asthma, a sensitivity 
to medication and/or allergens. congestive heart failure, a serum creatinine > 15 mg/dL, or those less than 12 
months of age 


OMNIPAQUE® injection (iohexol 





ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious, life-threatening, and f 
reactions, mostly of cardiovascular origin, have been associated with the administration of iodine-contain 
contrast media, including OMNIPAQUE. The injection of contrast media is frequently associated with the sensatio! 
warmth and pain, especially in peripheral angiography; pain and warmth are less frequent and less severe v 
OMNIPAQUE than with many contrast media 

Cardiovascular System: Arrhythmias including PVCs and PACs (2%), angina/chest pain (1%), and hypotens 
(0.7%). Others including cardiac failure, asystole, bradycardia, tachycardia, and vasovagal reaction were repor 
with an individual incidence of 0.3% or less. In controlled clinical trials involving 1,400 patients, one fate 
occurred. A cause-and-effect relationship between this death and iohexol has not been established 

Nervous System: Vertigo [including dizziness and lightheadedness] (0.6%), pain (3%), photomas (2% ), heada 
(2%), and taste perversion (1%). Others including anxiety, blurred vision, fever, motor and speech dysfunct 
convulsion, paresthesia, somnolence, stiff neck, hemiparesis, syncope, transient ischemic attack, cerebral infi 
tion, and nystagmus were reported, with an individual incidence of 0.4% or less 

Respiratory System: Dyspnea, rhinitis, coughing, and laryngitis, with an individual incidence ol 0.2% or les 
Gastrointestinal System: Nausea (2%) and vomiting (0.7%). Others including diarrhea, dyspepsia, and 

mouth were reported, with an individual incidence of less than 0.1% 

Skin and Appendages: Urticaria (0.3%), purpura (0.1%), abscess (0 1%), and pruritus (0.1%) 

Pediatric angiocardiography and urography: In controlled clinical trials involving 324 patients, adv 
reactions following the use of OMNIPAQUE 300 and OMNIPAQUE 350 were generally less frequent than with adı 
DRM System: Ventricular tachycardia (0.6%), 2:1 heart block (0.6%). hypertension (0.3%), and ane 
(0.3%) 

Nervous System: Pain (0.6%), fever (0.6%), and convulsion (0.3%), 

Respiratory System: Congestion (0.3%) and apnea (0.3%). 

Gastrointestinal System: Nausea (196), hypoglycemia (0.3%), and vomiting (2%) 

Skin and Appendages: Rash (0.3%) 

Body Cavities: 

Cardiovascular System: Hypertension (0 4%). 

Nervous System: Pain (29%), headache (0.4%), somnolence (0.8%), fever (0.4%), dizziness (0 496), mu: 
weakness, burning and unwell feeling, each with an individual incidence of 0.4% 

Respiratory System: None 

Gastrointestinal System: Nausea (0.4%), vomiting (0.4%), diarrhea (0.8%), flatulence (1%), and pressure (0.4° 
Skin and Appendages: Hematoma, injection site (0.4%), swelling (26%), heat (876). 

General Adverse Reactions to Contrast Media: The following reactions have been reported after adminis 
tion of other intravascular iodinated contrast media, and rarely with iohexol. Reactions due fo technique: hemalo 
and ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis following intravenous injecl 
Cardiovascular reactions: rare cases of cardiac arrhythmias, reflex tachycardia, chest pain, cyanosis, hypertens 
hypotension, peripheral vasodilatation, shock, and cardiac arrest. Rena! reactions. occasionally, transient | 
teinuria; rarely, oliguria or anuria. Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, det 
reactions such as urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation; ra 
anaphylaclic reactions. Rare fatalities have occurred due to these or unknown Causes. Signs and symptoms relate 
the respiratory system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or fo the nervous Sysi 
restlessness. tremors, convulsions. Other reactions: flushing, pain, warmth, metallic taste, nausea, vomiting, anx 
headache, confusion, pallor, weakness, sweating, localized areas of edema (especially facial cramps), neutrope 
and dizziness. Rarely, immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia Infreque 
"iodism" (salivary gland swelling) from organic iodinated compounds appears 2 days after exposure and subs 
by the sixth day 

In general, the reactions that are known to occur upon parenteral administration of iodinated contrast agent: 
possible with any nonionic agent. Approximately 95% of adverse reactions accompanying the use of waler-sol 
intravascularly administered contrast agents are mild to moderate in degree. However, severe, life-threatei 
anaphylactoid reactions, mostly of cardiovascular origin, have occurred. Reported incidences of death range f 
6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%). Most deaths occur during injection or 5 to 10 minutes later 
main feature being cardiac arrest, with cardiovascular disease as the main aggravating factor. Isolated repor! 
hypotensive collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 20 
(0.005%) patients 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions and idiosync 
reactions 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the dose, and the sj 
of injection. All hemodynamic disturbances and injuries to organs or vessels perfused by the contrast mediun 
included in this category 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 40 years 
Idiosyncratic reactions may or may nol be dependent on the amount of dose injected, the speed of injection, ani 
radiographic procedure. Idiosyncratic reactions are subdivided into minor, intermediate, and severe. The m 
reactions are self-limited and of short duration; the severe reactions are life-threatening and treatment is urgen! 
mandatory 

The reported incidence of adverse reactions to contrast media in patients with a history of allergy is twice th 
the general population. Patients with a history of previous reactions to a contrast medium are three limes more 
ceplible than other patients. However, sensitivity to contrast media does not appear lo increase with repe 
examinalions 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection 
delayed reactions may occur. 

Regardless of the contrast agent employed. the overall estimated incidence of serious adverse reactions is hi 
with angiocardiography than with other procedures, Cardiac decompensation, serious arrhythmias, angina peci 
or myocardial ischemia or infarction may occur during angiocardiography and left ventriculography. Electri 
diographic and hemodynamic abnormalities occur less frequently with OMNIPAQUE than with diatrizoate meglu 
and diatrizoate sodium injection 
OVERDOSAGE: Overdosage may occur The adverse effects of overdosage are life-threatening and affect main! 
pulmonary and cardiovascular systems. The symptoms include cyanosis, bradycardia, acidosis, pulmc 
hemorrhage, convulsions, coma, and cardiac arrest. Treatment of an overdosage is directed toward the support 
vital functions and prompt institution of symptomatic therapy. 

les intravenous LDsp values of OMNIPAQUE (in grams of iodine per kilogram body weight) are 24.2 in mict 
15.0 in rats 
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PVC OR PCP.: 
(Angel Dust) 


The physiological and psychological symptoms of substance abuse can mimic an 
astounding range of systemic disorders. 

Even more frightening is the fact that illegal drugs can cause sudden death before 
any symptoms occur — regardless of the dose, blood levels, or route of administration. 
Help your patients stop illegal drug use before it stops them. Ask about abuse as 
a routine part of your examination. 

For information, healthcare professionals may call the National Clearinghouse 

for Alcohol and Drug Abuse: 1-301-468-2600, Monday through Friday, 8:30 AM— 
4:30 PM EST. 


HELP STOP SUBSTANCE ABUSE. 
ASK THE QUESTIONS. 


Partnership for a Drug-Free America 
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. No significant increases in 


LOZOL' (indapamide) 


cholesterol in most patients” 


.. Inlong-term clinical trials, Lozol 
has demonstrated little or no 


. effect on serum cholesterol levels.'? 


2L et. UA 


» 
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DESCRIPTION: Lozol ® (indapamide) is an oral antihypertensive/diuretic. 
INDICATIONS AND USAGE: Lozol is ingicatod for the treatment of hypertension, alone 
or in combination with other antihypertensive drugs. 

Lozol is also moa for the treatment of salt and fluid retention associated with con- 
gestive heart fai 

Usage in clio (see PRECAUTIONS). 


: Anuria. Known hypersensitivity to indapamide or to other 
alee: cite drugs 
eet occurs commonly with diuretics, and electrolyte moore is 
essa par ly pen in oo who would be at increased risk from hypokalemia, such 
antythmias or who are receiving concomitant cardiac glycosides. 
sues ssi not be given concomitantly with lithium because they reduce 
s enal clearance and add a high risk of lithium toxic SA Read prescribing information tor 
preparations before use of such concomitant therapy 


PR of 
mu and T and coches Imbalances: Periodic determinations of 
serum electrolytes v ead performed at iate intervals. In addition, patients should 
be observed D OA Signs of "i udare 


e imbalance, such as atremia, 
signs include dry , thirst, weak- 
a Cel rov crows ness. restlessness, muscle pains or cramps, hypotension, 


a and gastrointestinal ME Le determina are par- 
Tidi tue Sec ute ei Ne esse are AS 
ui - 

i ond ect tients ona Yn e restricted diet. " 


The i t ot hypokalemia secondary to diuresis and natriuresis is increased when larger 
doses are used, when the diuresis is Pon when severe cirrhosis is ien w duri m 
mene use eroids TH terrenos with adequate or e of elec- 
noos ill also contribute to h en ia can sensitize or "mapped the 

a the heart to the tox effects af digitalis, such as increased ventricular 

emia ma pe r in edematous patients; the appropriate treatment iS 

restnn d water fa Prather an administration of salt, scap 1 fare instances when the 
is life threatening. However, in actual salt depletion, appropriate replacement 

is v realment c ofc chloride delici that may OCCUT during treatment is gener- 
men usually does. pet eure specific treatment except in extraordinary circum- 

: as in liver 


concentrations of uric po increased by an 


2. Hyperuricemia and Gout: Serum 
1.0 mg/100 mL in patients treated na may be precipi b r n 
t ium See PARE REACTIONS velday Serum concen 
iy aad of uric ac scan tae tr montos ne during eig 


Renal Impairment: Ind Id be used with caution in patients 

EET Severe renal M as as reducen volu n ume may exacerbi te OF ar precipitate a azote- 

Idi jr isconng d el te ent 1s onsem ae red. papa roby Mhould 
e perloe em Verb pid 


ive liver disease, since minor altera- 


T iepene sida Dao lc fonction like the boven should be used with caution 
Ln d fiu eren alee a may ay precipe hepa c ‘coma, 


Se E. - SML 


ONE A DAY. 


LUZULO 


INDAFA 25mg 


The diuretic that doesn't compromise cholesterol -  . | 


*Lozol is not a cholesterol-lowering agent, nor has it been shown to reduce existing atherosclerotic plaque. 
` Because of the diuretic effects of Mao, changes in cartan electrolytes can occur. yl of serum sae shoud igo be performed. 





5. Glucose Tolerance: Latent dapes may become manifest and insulin requirements in 
diabetic patients may be altered during thiazide administration. Serum concentrations of 
glucose should be monitored routinely during treatment with Lozol 


6. Calcium Excretion. Calcium excretion is decreased by diuretics pharmacologically related 
to indapamide. In long-term studies of hypertensive patients; however, serum Concentra- 
tions o! calcium increased only slightly with indapamide. Prolonged treatment with drugs 
Y cologicaliy mec ke to ingapamide npa in rare rge rke be ype m 


in the pa land. 
however i apes common complications ASG ps nai rn nl as renal sy iS fone 
peptic ulcer, have not been seen. Treatment should be discontinued before 
tests [^ gat function HH erformed. Like the thiazides, indapamide may decrease 
serum PBI levels without signs 0 fthyrord disturbance, 
7. Interaction With Systemic Lupus Erythematosus: Thiazides have exacerbated or 
ped oe eer lupus erythematosus and this possibility should be considered with 


DRUG INT ERACTIONS: 1. Other Antihypertensives: Lozol (indapamide p may add to or 
potentiate the acin of other antihypertensive drugs. In limited controlled trials that com- 
paos pled effect of indapamide combined with pi eua. ad evel drugs with the effect 
of the other drugs administered alone, there was no notable change in the nature or fre- 
Quency bo adverse reactions associated with the conned therapy. 
2. Lithium: See WARNINGS. 
3. Post-Sympathectomy Patient. m ‘sl aka effect of the drug may be enhanced 
in the post-sympathectomized patie 
4. Norepinephrine. Indapamide, like ihe thiazides, may decrease arterial responsiveness to 
norepinephrine, but this diminution is not sufficient to preclude effectiveness of the pres- 
sor agent for therapeutic use. 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Both mouse and rat life- 
time carci icity Studies were conducted. There was no significant difference in the 
incidence of tumors between the indapamide-treated animals and the control groups. 
P ncy/ Teratogenic Effects: Pregnan t^ B. abl ge studies -— been 
performed in facies and rabbi its a doses "à B 9501 he therapeutic human 

have revealed no evidence oi pde Senay or horn ii to y^ fetus due to Lozol, 
pee development in rats and mice was unaffected by recone stud of iy animals Dd 
ing g gee There are however, no adequate and wel 

n. Moreover, diuretics a a known to cross the placental barrier aloo appear 
blood. "because animal bly ction studies are not MM predictive of human response. 


this drug should be used EY o if clearly needed. There may be hazards 
associate with this. d such Ch ds fela ote a aude? thrombocytopenia. and possi- 
her adverse reaction Ms T lave vesured i i 


re Mothers: It is not known whether this drug is excreted in human milk. Because 
most drugs are excreted in human milk, if use of this drug is deemed essential, the patient 


should stop nursing 

ADVERSE empero Most adverse effects have been ld n ion i l term 
UE Clinical studies, cumulative adverse reactions = ne, Lip 
tiredness, or malaise, x oben ofa 


igue, weakness, loss of energy, let 
or qoem of the extremities. nervousness, ins, am anxiety. irritability, or 
son. blurred vision, ansia ns on eim Sea. vomiting, diarrhea. ioc Eton abdominal. 
} l; i} 
or Cramps, anorexia 2. orthostatic hypotension. premature ventricular Contractions, irreg- 


95% of patients showed no clinical 
hypokalemia in a long-term trial.? 


Or spasm, 
tion. Cumu- 








Minimal impact on potassium‘ 






pitations, eons, AN nocturia, potyuria, rasn, iac rumus, 


ricemia, hyperglycemia. 


ular heart beat, 
once pi redu inorrhea, flushing, h 
N) or crea Leal DiVCOS- 


mo impo: 

opna remig. loremia, increase in Serum urea nitrogen 
uria, weight loss, dry mouth, tingling of extremities. 
Clinical lent (i.e., lowered serum potassium o er med with concomitant clini- 


cas) s or symptoms) occurred in 396 and 796 ven indapamide 2.5 
d 20 mg. rene vie In a long-term study of ah 1 doses (i "n patients oon im k 
apamide 


at Beeches potassium rg eei ip given to 12% of patients on 
mg and 27% of patients on indapamide 5.0 mg. 

Other adverse reactions reported with antitypertensive/divetics are jaundice em 
cholestatic jaundice), sialadenitis, xanthopsia, purpura, necrotizing angiitis 
fever, respiratory distress S including pneumoni is), and d anaphylactic reactions; also, à 
ulocytosis, leukopenia, thrombocytopenia, an Jey stic anemia. These reactions shou be 
considered as possible occurrences with clinical usage of LOZOL. 


SUPPLIED: Lo ide). White. round film-coated tablets of 2.5 
ih of 1 aie 6895 ý Hi bon DAND us nia 99), and in unit-d ister 
packs, boxes d 100 (10 x 10 strips) NDC 15-0082-62 

CAUTION: Federal (U.S.A ) law prohibits dispensing int prescription. 

Keep tightly closed store groom temperature; avoid excessive heat. Dispense in tight 
containers as defined in U 

See product circular for full prescribing information. Revised: November 1988 (AS) 


References: 1. Meyer-Sabellek W, Gotzen R, Heitz J, et al: Serum 
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Late Ventricular Dilatation in Survivors of Acute 
Myocardial Infarction 
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Poul Stage, MD, Jens Marving, MD, and Harald Lgnborg-Jensen, MSc, with the technical 
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course of left ventricular (LV) volumes in the conva- 
lescent phase of acute myocardial infarction (AMI). 
Fifty-seven patients were examined 2 weeks and 
approximately 1 year after AMI by a radionuclide 
method allowing determination of absolute LV vol- 
umes. After 1 year the patients had fewer clinical 
and radiologic signs of heart failure, but median 
end-diastolic volume index had increased from 92 
to 112 ml/m? (p «0.001), median end-systolic vol- 
ume index from 51 to 65 ml/m? (p <0.001) and 
median stroke volume index from 39 to 47 ml/m? 
(p <0.001). Patients with first anterior infarcts had 
significantly greater increases in end-diastolic vol- 
ume index, end-systolic volume index and stroke 
volume index than patients with first inferoposte- 
rior infarcts. The increase in LV volumes was sig- 
nificantly greater in patients with clinical manifes- 
tations of heart failure than in those without these 
signs. Notably, changes in LV size had an unpre- 
dictable effect on LV ejection fraction. 

(Am J Cardiol 1989;64:961-—966) 
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(LV) function after acute myocardial infarction 

(AMI) has become increasingly important. Recent 
studies report that some patients with AMI may under- 
go a progressive increase in LV size,'~> and that this 
potentially deleterious process can be limited or reversed 
by the use of converting enzyme inhibitors." In the pre- 
sent study, 57 patients with AMI were examined 2 
weeks and approximately 1 year after onset of symp- 
toms. Their LV function was assessed by a previously 
described radionuclide method? allowing determination 
of absolute LV volumes and ejection fraction. 


«vs on the natural course of left ventricular 


METHODS 

Study protocol: The study was prospective. Only pa- 
tients admitted to the coronary care unit within 24 
hours after onset of symptoms were included. The pa- 
tients were examined in the second week after AMI 
(median 11 days, range 8 to 15) and again approxi- 
mately 1 year after the initial investigation (median 372 
days, range 242 to 614; 9096 of the patients between 344 
and 487 days). Second-week and follow-up examina- 
tions included radionuclide ventriculography, physical 
examination and chest x-ray. Follow-up examinations 
were performed only in patients who had no clinical or 
electrocardiographic evidence of recurrent AMI, and 
who had not undergone coronary revascularization dur- 
ing the follow-up period. In patients who died during 
follow-up, the cause of death was obtained from the 
hospital file, the patient's primary care physician or the 
Danish Central Personal Register. Follow-up data were 
complete. All patients gave informed consent. The study 
was approved by the local ethics committee. 

Patients: During the initial 6-month study period, 
209 patients survived the acute phase of AMI and were 
eligible for investigation. Six patients did not want to 
participate in the study. Patients with physical disability 
(11), senility or mental disorders (15), foreign language 
(3), severe postinfarction angina or life-threatening ar- 
rhythmias (7) were not included. Of the remaining 167 
patients, 104 were randomly assigned to participate. 
The reason why not all 167 patients were investigated 
was because the number of patients in the second-week 
time-window at times exceeded the laboratory capacity 


| TABLE I Baseline Radionuclide Data* 


Study Population 


(n = 57) (n = 18) 


LVEF 0.31 
(0.15-0.79) 

EDVI (m/m?) 114 
(47-201) 

ESVI (ml /m?) 83 
(10-165) 


SVI (ml /m?) 35 
(20-67) 


Values are medians with ranges in parentheses. 


Nonsurvivors 


Otherst 
(n= 15) 


Recurrent AMI 


(n=7) p Valuet | 


0.42 0.49 
(0.22—0.63) (0.12—0.63) 
95 84 
(61-132) (57-179) 
41 38 
(27-103) (22-158) 
36 36 

(29—60) (21-56) 


* Data are for the study population and the patients who were not reexamined because of death, recurrent AMI or other reasons. 
t Other reasons are coronary artery bypass operation (2), patient refusal (4), malignant disease (1) and incomplete radionuclide data (8). 


tł P values were obtained by the Kruskal-Wallis test. 


AMI = acute myocardial infarction; EDVI = end-diastolic volume index; ESVI = end-systolic volume index; LVEF = left ventricular ejection fraction; SVI = stroke volume index. 





for radionuclide examinations. The exclusion of “sur- 
plus patients” was carried out according to a strict ran- 
domization procedure. 

Of the 104 patients assigned to participate, 7 were 
later excluded (4 had been included twice because of a 
recurrent AMI within the initial 6-month study period, 
and 3 had not undergone radionuclide ventriculography 
because of technical problems). Thus, 97 patients were 
eligibile for follow-up examinations. During the 1-year 
follow-up period, 18 of the 97 patients died, 7 had a 
recurrent AMI, 2 underwent coronary artery bypass op- 
eration and 1 developed malignant disease. Four pa- 
tients had initial examinations, but did not want to par- 
ticipate in the follow-up. Of the remaining 65 patients, 
57 (88%) had complete second-week and follow-up 
data. These patients constitute the study population. 
Seventeen were women (median age 64 years; range 40 
to 78); and 40 were men (median age 58 years; range 
40 to 78). Fourteen patients (25%) had a history of pre- 
vious AMI. Twenty-one patients (37%) had demon- 
strated clinical manifestations of heart failure (bilateral 
rales, S4 gallop, pulmonary edema or a combination of 
these) on at least 1 occasion during the admission. Elev- 
en patients (19%) had a history of hypertension and 6 
(11%) had a history of diabetes. On the day of the ini- 
tial radionuclide examination, 24 (42%) of the patients 
received diuretics, 11 (19%) digoxin and 5 (9%) £- 
blocking agents. None had received thrombolytic thera- 


py while admitted to the coronary care unit, and none 


received converting enzyme inhibitors before or after 
discharge. 

The diagnosis of AMI was based on characteristic 
symptoms and typical electrocardiographic changes 
confirmed by a significant increase (>30 U/liter) in se- 
rum creatine kinase-isoenzyme MB concentration.’ 
Electrocardiographic infarct location (anterior, infero- 
posterior, others) was determined according to consen- 
sus between 2 experienced observers using the criteria 
given by Shamroth.'° 

Radionuclide ventriculography: The patients were 
examined in the resting supine position by a gamma 
camera with a dedicated computer, using autologous 
red blood cells labeled with technetium-99m.!! LV vari- 
ables were determined by successive multigated equilib- 
rium imaging using an individual left anterior oblique 
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view. For each study, 5 million counts were collected 
with 40 frames/RR interval. 

LV ejection fraction was calculated from the back- 
ground-corrected counts recorded within the end-dia- 
stolic and end-systolic perimeters. Normal values were 
0.53 to 0.74.!2 

LV end-diastolic volume was determined by the 
count-based principle with correction for the individual 
loss of radiation, dependent on the distance from the 
external surface of the chest wall to the center of the 
left ventricle. LV stroke volume was derived as end-dia- 
stolic volume times LV ejection fraction, end-systolic 
volume as end-diastolic volume minus stroke volume. 
The accuracy of volume determinations by this method 
has previously been validated by comparison with simul- 
taneous thermodilution measurements.’ All volumes 
were normalized to body surface area (m?) calculated 
from height and weight measured immediately before 
each study.!? The following normal values (95% confi- 
dence limits) for our laboratory have been obtained by 
measurements in 30 healthy individuals, aged 28 to 72 
years: LV end-diastolic volume index, 45 to 90 ml/ m?; 
LV end-systolic volume index, 15 to 35 ml/m?; and LV 
stroke volume index, 30 to 55 ml/m?. 

Detection of change: To determine the detection 
limits for changes in measured end-diastolic volume in- 
dex at repeat examination, we examined a separate 
group of 29 patients (aged 33 to 74 years) on 2 occa- 
sions before the present investigation. The time from the 
first to the second radionuclide examination was 1 
week. All patients were considered clinically stable, and 
their medications were not changed between the 2 ex- 
aminations. Their diagnoses were previous AMI (19), 
chronic ischemic heart disease (7), arterial hypertension 
(2) and cardiomyopathy (1). The patients' end-diastolic 
volume index ranged from 35 to 347 ml/m? (mean 124 
ml/m?). 

The variance of a single measurement of end-diastol- 
ic volume-index was calculated as: 


29 
l 
s? = A > (x, — x3)? = 86.5 (ml/m°)}’. 


The coefficient of variation was: (s - 100%)/mean = 
7.5%. 





For the purpose of the present study we defined a signif- 
icant change in end-diastolic volume index as a change 
>20% of baseline end-diastolic volume index (i.e., 
21.96 - 4/2 - 7.5%). 

Physical examination: All patients were examined 
by the same clinician on both occasions. The presence or 
absence of dyspnea, a displaced apex beat, S; gallop and 
rales was recorded. The definition of each sign has been 
given previously.!^ 

Chest x-ray: Posteroanterior and lateral chest films 
were exposed with the patients in the erect position. All 
chest films were evaluated by the same senior radiolo- 





FOLLOW-UP 


BASELINE 


SVI 


ml/ m2 


20 
p<0.001 


BASELINE — FOLLOW-UP 


gist, who was unaware of clinical and radionuclide find- 
ings. Pulmonary congestion was graded according to the 
criteria of Kostuk et al'^: no pulmonary congestion 
(grade I), redistribution of pulmonary blood flow to 
upper lobes (grade II), interstitial pulmonary edema 
(grade III) and alveolar pulmonary edema (grade IV). 

Statistical analysis: Comparison of radionuclide 
data was performed using the Wilcoxon signed rank test 
for paired data or the median test for unpaired data 
when appropriate.'® Changes from baseline to follow-up 
in therapy, in the prevalence of physical signs of heart 
failure and in the grade of pulmonary congestion were 


ESVI 


ml / m? 


250 


150 





FOLLOW-UP 


BASELINE 


LVEF 


.60 


.20 





p 2 0.82 


BASELINE |= FOLLOW-UP 


FIGURE 1. Left ventricular volumes and ejection fraction measured 2 weeks (baseline) and approximately 1 year (follow-up) 
after onset of symptoms in 57 patients with acute myocardial infarction. Horizontal bars indicate median values. EDVI = 
end-diastolic volume index; ESVI = end-systolic volume index; LVEF = left ventricular ejection fraction; SVI = stroke 


volume index. 
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VENTRICULAR DILATATION AFTER MYOCARDIAL INFARCTION 


TABLE Il Clinical and Radiographic Data* 


Baseline Follow-up 


30 (53) 
15 (26) 
10 (18) 
19 (33) 
25 (43) 
3(5) 
0 (0) 


p Value 


Diuretics (95) 
Digoxin (96) 
B blockers (96) 
Dyspnea (%) 
Displaced apex beat (%) 
S3 gallop (%) 
Rales (%) 
Pulmonary congestion* 
Grade | (%) 
Grade II (%) 
Grade III (%) 
Grade IV (96) 


24 (42) 
11(19) 
5 (9) 
10 (18) 
25 (43) 
2 (4) 

8(14) 


30 (59) 
14 (27) 
5 (10) 3 (6) 
2 (4) 0 (0) 


Individual changes in therapy, physical signs of heart failure and grade of pulmonary 
congestion are discussed in the text. 

* Data are for 2 weeks (baseline) and approximately 1 year (follow-up) after onset 
of symptoms in 57 patients with acute myocardial infarction. 

tin the statistical analysis (McNemar change test) pulmonary congestion was 
scored as present (grade Il to IV) or absent (grade |). 

* Data are missing for 6 patients. 

NS = not significant. 


42 (82) 
6 (12) 
<0.05t 


analyzed using the McNemar change test. The Pear- 
son correlation coefficient (r) was calculated as a mea- 
sure of association between selected variables. 


RESULTS 

Baseline data: Baseline radionuclide data in the 
study population and in patients who were not followed 
up because of death, recurrent AMI and for other rea- 
sons, are listed in Table I. 

Changes from baseline to follow-up: RADIONUCLIDE 
VENTRICULOGRAPHY: Individual changes in LV volumes 
and LV ejection fraction are shown in Figure 1. Median 
end-diastolic volume index increased from 92 ml/m? at 
baseline to 112 ml/m? at follow-up (p <0.001), median 
end-systolic volume index from 51 to 65 ml/m? (p 
<0.001), and median stroke volume index from 39 to 47 
ml/m? (p «0.001). No significant change was present 
in median LV ejection fraction; for example, median 
LV ejection fraction was 0.41 at baseline and 0.43 at 
follow-up (difference not significant). Thirty-two pa- 
tients (5670) had an increase in end-diastolic volume- 


CHANGE IN LVEF 


00 150 200 
CHANGE IN EDVI mim? 


FIGURE 2. “One-year change" in LVEF in relation to '*one- 
year change" in EDVI in 57 patients with acute myocardial in- 
farction. The patients were examined 2 weeks and approxi- 
mately 1 year after onset of symptoms. Abbreviations as in 
Figure 1. 
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index >20% of baseline values. Only 4 patients (7%) 
had a decrease >20% in end-diastolic volume-index. 

A weak inverse relation was present between change 
in end-diastolic volume-index and change in LV ejection 
fraction (Figure 2). 

THERAPY: A similar proportion of patients were re- 
ceiving therapy at follow-up as at the initial examina- 
tion (Table II). However, changes in the condition of 
individual patients required that diuretics be initiated in 
10 patients, digoxin in 6 and 8 blockers in 7. The num- 
ber of patients in whom these drugs were discontinued 
was 4, 2 and 2, respectively. 

PHYSICAL EXAMINATION: At follow-up there was a sig- 
nificant increase in the number of patients with dyspnea 
(developed in 12 and disappeared in 3), and a signifi- 
cant decrease in the frequency of patients with rales 
(disappeared in all) (Table II). No change was observed 
in the proportion of patients with a laterally displaced 
apex beat (developed in 9 and became normalized in 9) 
or S4 gallop (developed in 2 and disappeared in 1). 

CHEST X-RAY: Fifty-one patients had complete second- 
week and follow-up radiographic data. In general, the 
grade of pulmonary congestion was significantly less at 
follow-up than at the initial examination (Table II). 
During the follow-up period, the radiographic grade of 
pulmonary congestion decreased (improved) in 33% (17 
of 51) of the patients, remained unchanged in 63% (32 
of 51) and increased (deteriorated) in 4% (2 of 51). Pa- 
tients with an improvement in the radiographic grade of 
pulmonary congestion demonstrated changes in end-dia- 
stolic volume-index, end-systolic volume-index, stroke 
volume-index and LV ejection fraction that were not 
significantly different from the changes observed in pa- 
tients in whom the radiographic grades of pulmonary 
congestion were unchanged (or had deteriorated). 

Variables predictive of ventricular dilatation: The 
change in end-diastolic volume index had little relation 
to stroke volume index at baseline (Figure 3). 


o 


CHANGE IN EDVI 
ml/ m? 


60 70 
SVI mUm? AT BASELINE 


FIGURE 3. Relative “1-year change" in EDVI in relation to 
SVI at baseline in 57 patients with acute myocardial infarc- 
tion. The patients were examined 2 weeks and approximately 
1 year after onset of symptoms. Note that part of the ob- 
served negative correlation can be explained because 
SVI and EDVI are not independent variables; i.e., SVI = EDVI 
x LVEF. Abbreviations as in Figure 1. 


TABLE Ill Relative Changes in Radionuclide Left Ventricular Volumes and Ejection Fraction in 57 Patients with Acute Myocardial 


Infarction* 


First AMI 


vs 
Previous AMI 


Anterior AMIS 


vs 
Inferoposterior AMIS 


Killip class | 


vs 
Killip class II to IV 


Hypertension! 


vs 
Normotension 


Diabetes mellitus 


VS 
No diabetes 


Percent Relative Change from Baseline 


EDVI 
(ml/m?) 


24 
(—41 to 122) 
NS 


27 
(719 to 170) 
36 
(—22 to 112) 

t 


5 
(—41 to 107) 
13 
(—41 to 107) 
t 


39 
(—16 to 170) 
21 
(—22 to 108) 

NS 

25 
(—41 to 170) 

35 
(6to 107) 
NS 

24 
(—41 to 170) 


ESVI 
(ml /m?) 


21 
(—65 to 156) 
NS 

13 
(—31 to 219) 

37 
(—27 to 115) 
1 


4 
(—65 to 156) 
10 
(—65 to 156) 

t 


43 
(—31 to 219) 
13 
(—30 to 103) 

NS 

22 
(—65 to 219) 

42 
(—10 to 156) 
NS 

16 
(—65 to 219) 


SVI 
(ml/m?) 


17 
(—31 to 159) 
NS 

23 
(—7 to 122) 

24 
(—23 to 121) 
1 


7 
(—31 to 159) 
6 
(—31 to 68) 
t 


29 
(—3 to 159) 

20 
(715 to 110) 
NS 

17 
(—31 to 159) 


(—31 to 159) 


(—49 to 37) 
NS 
7 
(—29 to 71) 
2 
(—49 to 23) 
NS 
0 
(—29 to 37) 
2 
(—49 to 37) 
NS 
—4 
(—56 to 71) 
9 


(—21 to 35) 
NS 
—2 
(—49 to 71) 
—10 
(—29 to 9) 
1 


2 
(—49 to 71) 


Values are medians with ranges in parentheses. 


* Patients were examined 2 weeks (baseline) and approximately 1 year after onset of symptoms (follow-up). 


t p «0.05; t 0.05 < p < 0.10 (median test). 


§ Electrocardiographic infarct location was determined in patients with first AMI only. Four patients had indeterminable or combined anterior-inferoposterior infarct location. 


I Patients receiving antihypertensive medication at admission. 
Abbreviations as in Tables | and II. 





The relation between selected clinical baseline data 
and changes in LV volumes and LV ejection fraction 
during the follow-up period is listed in Table III. Pa- 
tients with first anterior AMI had greater increases in 
median end-diastolic volume index, end-systolic volume 
index and stroke volume index than patients with first 
inferoposterior AMI. Similarly, patients who had dem- 
onstrated clinical manifestations of heart failure during 
admission (Killip class II to IV) had significantly great- 
er median increments in ventricular volumes than pa- 
tients with an uncomplicated hospital course (Killip 
class I). No significant association was present with re- 
gard to changes in ventricular volumes and a history of 
previous AMI, hypertension or diabetes. Notably, the 
presence or absence of any of the 5 selected variables 
was not accompanied by changes in LV ejection frac- 
tion. 


DISCUSSION 

Ventricular dilatation: The left ventricle frequently 
dilates during the first hours and days after AMI.!7-!9 
The present study demonstrates that the process of ven- 
tricular dilatation also takes place in the convalescent 
phase of AMI. Approximately 1 year after the initial 
examination, close to half of the patients had an in- 
crease >20% of baseline end-diastolic volume index 
(Figure 1). 

Similar observations have been made in previous ex- 
perimental and clinical studies.'-72° Most recently, Jer- 


emy et al?! performed serial radionuclide studies in 50 
patients with first AMI. Between day 2 and day 10, 11 
patients had an increase in LV end-diastolic volume 
= 20%. Ten other patients manifested significant LV di- 
latation between day 10 and month 6. Eight patients 
had progressive LV dilatation (serial volume increases 
= 20% on 2 or more occasions) during the 6-month fol- 
low-up period. 

Effect on stroke volume-index and left ventricular 
ejection fraction: In addition to the increase in ventricu- 
lar size, there was an increase in median stroke volume 
index (Figure 1). This was probably a result of the me- 
chanical advantage a large ventricle has over a small 
ventricle, that is, for the same degree of myocardial con- 
traction and circumferential fiber shortening, a large 
ventricular chamber will eject a greater amount of 
blood than a small one.?9 

Notably, ventricular dilatation was associated with 
highly individual changes in LV ejection fraction (Fig- 
ure 2). This finding illustrates that LV ejection fraction 
has little value in detecting changes in LV volumes after 
AMI. 

Mechanism of dilatation: Echocardiographic and 
pathoanatomic studies have demonstrated that early 
ventricular dilatation is primarily caused by infarct ex- 
pansion, such as intramural disruption and "slippage" 
of myocardial myocyte bundles within the necrotic zone 
of the myocardium. 22225 McKay et al? have hypothe- 
sized that the early dilatation caused by infarct expan- 
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sion leads to an increased wall stress also in the non- 
infarcted segments, and that this in turn results in a 
type of volume-overload hypertrophy of the noninfarct- 
ed ventricular wall with ensuing late dilatation and re- 
modeling of the entire ventricular chamber. The notion 
that the left ventricle dilates as a result of infarct expan- 
sion is opposed to the traditional view that LV dilatation 
is a compensatory mechanism aiming at restoring a re- 
duced stroke volume.!?24 

We found that significant ventricular dilatation oc- 
curred irrespective of whether baseline stroke volume 
index was subnormal, normal or even “supranormal” 
(Figure 3). These observations suggest that mechanisms 
other than “stroke-volume restoration” are involved in 
the increase in LV dimensions after AMI. Notably, pa- 
tients with anterior infarcts, clinical manifestations of 
heart failure or both had the greatest increases in LV 
size (Table III). These patients may have a particular 
benefit of interventional therapy with converting en- 
zyme inhibitors aiming at reducing the late LV dilata- 
tion. 

Dilatation and pulmonary congestion: Despite the 
general increase in LV size, the patients had fewer 
stethoscopic and fewer radiographic signs of pulmonary 
congestion at follow-up than at the initial examination 
(Table II). Dyspnea was more frequent at follow-up, 
presumably because of greater physical activity after 
discharge. 

Sequential angiographic and hemodynamic studies 
have demonstrated that ventricular dilatation in pa- 
tients with AMI is associated with a decrease in LV 
filling pressure,’ suggesting that LV dilatation results 
in a reduced chamber stiffness of the infarcted ventri- 
cle. This could contribute to the apparent "opposite" 
changes in LV volumes and clinical and radiographic 
manifestations of LV impairment we observed. 
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be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose approximately 30 times the maximum 
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adverse effects were frequent but generally not serious and rarely required discontinuation of therapy or dosage adjustment. Most were 
expected consequences of the vasodilator effects of Procardia. Adverse experiences reported in placebo-controlled trials include: dizzi- 
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in addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction occurred in about 4% 
of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction disturbances each 
occurred in fewer than 0.5% of patients. — VN 

In a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker therapy the pattern and incidence of adverse 
experiences was not different from that of the entire group of Procardia treated patients (See CAUTIONS.) — 

nasub roup of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or lightheaded- 
ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 0 patients. 
me occurred in cg epee one patient in 250. Myocardial infarction or symptoms of congestive heart failure each occurred in 
about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 1 
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Emergency Percutaneous Cardiopulmonary 
Bypass Support in Cardiogenic Shock from Acute 
Myocardial Infarction 


Fayaz A. Shawl, MD, Michael J. Domanski, MD, Tomas J. Hernandez, MD, 
and Sudhakar Punja, MD 


Emergency percutaneous cardiopulmonary bypass 
support was instituted in 8 consecutive patients, 
ages 42 to 80 years, in cardiogenic shock for 30 to 
180 minutes (mean 106) due to acute myocardial 
infarction. The location of the infarction was inferi- 
or in 4, anterior in 3 and lateral in 1. Four patients 
had a history of prior myocardial infarction. Two 
patients were in cardiac arrest; the remaining 6 
had a mean blood pressure of 43 to 55 mm Hg be- 
fore the bypass. Five had pulmonary capillary 
wedge pressure >20 mm Hg. One patient, with a 
right ventricular infarction, had a pulmonary wedge 
pressure of 10 mm Hg. Percutaneous insertion of 
20Fr cannulas was carried out. Flow rates of 3.2 to 
5.2 liters/min were achieved. Two patients in cardi- 
ac arrest regained consciousness while still in ven- 
tricular fibrillation or asystole. Left ventricular 
ejection fraction ranged from 17 to 4096 (mean 
32). One patient had left main, 4 had multivessel, 
and 4 had 1-vessel coronary disease. Seven pa- 
tients had successful angioplasty of 15 of 16 le- 
sions attempted, with all infarct-related vessels 
successfully dilated. One patient had lesions unsuit- 
able for either bypass or angioplasty and died. 
Need for blood transfusion was the most frequent 
complication. One patient required surgical repair 
of the femoral artery. All 7 patients are alive at a 
mean follow-up of 8.2 months. It is concluded that 
cardiopulmonary bypass can be safely instituted 
percutaneously, hemodynamically stabilize patients 
in cardiogenic shock and facilitate emergency 
complex coronary angioplasty, which may be life- 
saving. 

(Am J Cardiol 1989;64:967-970) 
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infarction is associated with a high mortality 

rate.'-^ Various therapeutic modalities have 
been used,?-!! but, in the absence of reperfusion of the 
infarct-related artery, the mortality rate has remained 
between 80 and 90%. Studies using thrombolytic thera- 
py have not shown a reduction in mortality.'?-!? The 
data of Dewood et al!6 suggest that early surgical revas- 
cularization of the infarct-related artery may improve 
survival. Coronary angioplasty can be performed more 
rapidly and has been reported to reduce mortality.!?:!$ 
To perform coronary angioplasty, there must be suffi- 
cient hemodynamic stability to allow the patient to un- 
dergo the procedure. Intraaortic balloon counterpulsa- 
tion has been used in these circumstances,!® but may be 
inadequate in patients without an intrinsic rhythm or in 
those with sufficiently depressed left ventricular func- 
tion. Cardiopulmonary bypass, on the other hand, can 
maintain hemodynamic stability even in such pa- 
tients. !?-?! 

Recently, we and others??? have used cardiopulmo- 
nary bypass to support high risk angioplasty and valvu- 
loplasty. We report 8 consecutive patients with acute 
myocardial infarction complicated by cardiogenic shock 
in whom cardiopulmonary bypass support was initiated 
percutaneously to achieve hemodynamic stability before 
coronary angioplasty, which was performed when feasi- 
ble. 


(ooi shock complicating acute myocardial 


METHODS 

Patients: Between April and July 1988, 8 consecu- 
tive patients with acute myocardial infarction compli- 
cated by cardiogenic shock underwent institution of car- 
diopulmonary bypass support using a new percutaneous 
technique (Table I). Patients were included if myocardi- 
al infarction and cardiogenic shock were evidenced by a 
systolic blood pressure <80 mm Hg with inotropic or 
intraaortic balloon pump support, and signs of hypoper- 
fusion consisting of compromised sensorium, cool ex- 
tremities or poor urinary output. Patients were excluded 
if the duration of shock was >4 hours. The mean inter- 
val between the onset of chest pain and cardiopulmo- 
nary bypass support was 4.4 hours, and the mean inter- 
val between the onset of shock and cardiopulmonary by- 
pass was 106 minutes. Four patients had a history of 
prior myocardial infarction. All except patient 4 had ra- 
diographic evidence of pulmonary edema. On presenta- 
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CARDIOPULMONARY BYPASS IN CARDIOGENIC SHOCK 


TABLE I Clinical Profile and Angiographic Findings 


Shock 
Age to No. 
(yrs), Acute MI Prior MI Bypass EF 
Location Location (min) 


Coronary 
Diseased Arteries 


Pt Sex (96) Vessels IRV 


Anterior 45 
Inferior 

2 52,M Anterior — 90 
3 61,F Anterior — 65 


1 68,M Lateral 


4 62,M Inferior Lateral 180 


5* 65,F Inferior — 
6t 80,M Inferior Anterior 30 
7t 69,M Inferior — 
8 42,M Anterior Inferior 150 
* Severe mitral regurgitation with disappearance of large V waves after dilatation; 
t in cardiac arrest. 


EF = ejection fraction; IRV = infarct-related vessel; LAD = left anterior descending; 
LC = left circumflex; MI = myocardial infarction; R = right. 


tion, patients 6 and 7 were in cardiac arrest before the 
institution of cardiopulmonary bypass support. Patient 5 
had severe mitral regurgitation and was resuscitated 
from cardiac arrest before transfer from the referring 
institution. Five of the 8 patients were in-patients at the 
time they developed cardiogenic shock. The condition of 
patients 1 and 6 deteriorated during angiography and 
patient 6 had a cardiac arrest in the catheterization lab- 
oratory during diagnostic angiography. All patients 
were receiving sympathomimetics and vasodilators be- 
fore institution of cardiopulmonary bypass support. 
Only patient 4 had intraaortic balloon support. Renal 
function was abnormal in 7 of the 8 patients before by- 
pass with serum creatinine levels of 1.5 to 3.1 mg/dl 
(mean 2.2). 

Catheterization and cardiopulmonary bypass sup- 
port procedure: Percutaneous cardiopulmonary bypass 
support was instituted in the catheterization laboratory. 
We inserted 8Fr sheaths percutaneously into both femo- 
ral arteries and veins. A thermodilution catheter was 
then advanced into the pulmonary artery, except in 2 
patients in cardiac arrest in whom the bypass cannulas 
were inserted first. Patients were then heparinized using 
300 U/kg of body weight. Bypass cannulas were insert- 
ed into the femoral artery and vein as follows. The 8Fr 
arterial sheath was removed over a 0.038-inch flexible 
J-tip guidewire. An 8Fr long dilator (USCI Division, 


C.R. Bard, Inc.) was introduced over the 0.038-inch . 


flexible guidewire and the long dilator was removed, 
keeping the flexible guidewire in place. This guidewire 
was then replaced by a stiff 0.038-inch guidewire and 
the long dilator was removed, keeping the stiff guide- 
wire in place. The artery was then dilated with a 12Fr 
and then a 14Fr dilator. A 20Fr (C.R. Bard, Inc.) arte- 
rial cannula was then inserted over the stiff 0.038-inch 
guidewire. Next, a 20Fr multihole venous cannula 


(C.R. Bard, Inc.) was inserted into the femoral vein in a. 


similar fashion, with the tip of the cannula positioned 
just above the junction of the right atrium and the infe- 
rior vena cava. The cannulas were connected to the por- 
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table cardiopulmonary bypass support system (C.R. 
Bard, Inc.). This system consisted of a nonocclusive 
blood pump, heat exchanger, oxygenator, connecting 
lines and supporting hardware, including controllers and 
a transport cart. Cardiopulmonary support was then in- 
stituted using the maximal attainable flow rate. After 
hemodynamic stability was achieved, angiography, fol- 
lowed by angioplasty, was performed in the usual man- 
ner from the contralateral groin. After the completion 
of angioplasty, autotransfusion of the blood remaining 
in the bypass system was performed using the cell saver. 
In the 7 patients weaned from cardiopulmonary bypass, 
the cannulas were removed and an external clamp was 
applied to achieve hemostasis. 


RESULTS 

All patients were placed on cardiopulmonary bypass 
within 10 minutes. Bypass cannulas were placed in the 
right femoral system in 6 patients and in the left in 2. 
Hemodynamic stability was achieved in all patients. 
The hemodynamic measurements obtained before, dur- 
ing and after bypass are listed in Table II. In all 8 pa- 
tients, the mixed venous saturation was at least 70% 
while on bypass. Patients 6 and 7, in cardiac arrest 
when cardiopulmonary bypass was instituted, regained 
consciousness while their rhythm was either ventricular 
fibrillation or asystole. With the exception of patient 6, 
all patients underwent angioplasty of their culprit and 
other critical lesions (Table I). Angioplasty was success- 
ful in 15 of the 16 lesions attempted and in all the in- 
farct-related vessels. Average bypass time was 66 min- 
utes. The 7 patients in whom angioplasty was possible 
survived to be discharged from the hospital. Urinary 
output improved in all patients during bypass, and all 7 
survivors were discharged with normal or improved re- 
nal function. All patients had a normal plasma free he- 
moglobin level after bypass. Six patients required trans- 
fusion ranging from 1 to 10 U (mean 4). Patient 1 re- 
quired surgical repair of the femoral artery because of 
enlarging hematoma. This patient had the largest trans- 
fusion requirement (10 U). Patients 6 and 8 had infec- 
tion at the cannula site requiring antibiotics and local 
treatment. At a mean follow-up of 8.2 months (range 7 
to 10), 6 patients were asymptomatic and 1 had class II 
angina. Three patients underwent repeat right- and left- 
sided cardiac catheterization 4 to 7 months after angio- 
plasty. No restenosis was found. Left ventricular ejec- 
tion fraction in 7 survivors at follow-up (4 by radionu- 
clide ventriculography) increased to a mean of 43% 
(range 32 to 52) (p «0.01). 


DISCUSSION 

Patients who develop cardiogenic shock associated 
with acute myocardial infarction have a mortality rate 
>80%.!-4 Mechanical circulatory support using the in- 
traaortic balloon pump results in short-term improve- 
ment in hemodynamic parameters, but the mortality 
rate remains high.?^ Sheidt et al*4 reported a multicen- 
ter trial in which mortality was 90% in 87 patients 
treated with intraaortic counterpulsation alone. Cardio- 


TABLE ll Hemodynamics, Flow Rates and Duration on Cardiopulmonary Bypass Support 


Before Bypass During Bypass 


MBP PA 
(mmHg) (mmHg) 


PCW 
(mm Hg) 


MBP PA 
(mmHg) (mm Hg) 


PCW 
(mm Hg) 


After Bypass 


DOB 
(min) 


MBP 
(mm Hg) 


PCW 
(mm Hg) 


Flow Rate 
(liters / min) 


* On intraaortic balloon support; ! in cardiac arrest and receiving external chest compression. 
DOB = duration on bypass; MBP = mean blood pressure; PA = pulmonary artery pressure (systolic /diastolic); PCW = mean pulmonary capillary wedge pressure. 


pulmonary bypass also has been shown to improve he- 
modynamic parameters in the short term, but the prog- 
nosis remains poor.?! Although mechanical support may 
temporarily stabilize the patient, it does not appear to 
alter prognosis in the absence of revascularization. 

Revascularization has been suggested as a means of 
improving outcome. DeWood et al!6 performed coro- 
nary bypass grafting in patients in cardiogenic shock 
and reported a reduced mortality compared with pa- 
tients treated with intraaortic balloon pumping alone. 
Other studies using coronary bypass also suggest a mor- 
tality reduction.2526 

Short-term revascularization using thrombolytic 
agents also has been attempted, but outcome does not 
appear to be improved in patients with cardiogenic 
shock.!?-!> Coronary angioplasty offers a rapid and less 
invasive approach than coronary bypass surgery, and 
has a high probability of resulting in reperfusion.2725 
Studies!^!* in which angioplasty was used in cardiogen- 
ic shock suggest that survival is improved when angio- 
plasty is successful in the infarct-related vessel. All 8 
patients in our study met the definition of cardiogenic 
shock of Scheidt et al! (blood pressure «90 mm Hg and 
signs of peripheral hypoperfusion). Two of the 8 pa- 
tients were in cardiac arrest and 5 of the remaining 6 
had a pulmonary capillary wedge pressure 220 mm 
Hg. Patient 7 did not have coronary anatomy suited to 
angioplasty or coronary bypass grafting and died. In the 
remaining 7 patients, all had their infarct-related vessel 
dilated and all are alive at a mean follow-up of 8.2 
months. Although the number of patients is small, our 
survival data differ from those of Lee et al.!5 In their 
series, patients with multivessel disease had an 83% 
mortality. In the current series, all patients with mul- 
tivessel disease in whom dilatation was possible sur- 
vived. This may be due to the more complete revascu- 
larization in our study or to the use of cardiopulmonary 
bypass support. Cardiopulmonary bypass was used in 
this study to stabilize patients before angioplasty and 
included those in cardiac arrest. Indeed, both patients in 
cardiac arrest regained consciousness during bypass 
while still in either ventricular fibrillation or asystole. 
No direct comparison with the intraaortic balloon was 
made in this study. However, the intraaortic balloon 
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cannot support patients in cardiac arrest or those with 
sufficiently profound circulatory failure. Further work 
will be necessary to determine which modality is more 
appropriate in patients who are less severely compro- 
mised. 

The most frequent complication was a reduction in 
hemoglobin in all 7 surviving patients. Six required 
transfusion. These patients received a large amount of 
fluid during cardiopulmonary bypass, including 1,400 
ml of crystalloid used to prime the bypass circuit. 
Therefore, hemodilution significantly contributed to the 
reduction in hemoglobin. 

Study limitations: Patients in this study had shock of 
<3 hours’ duration. Had cardiogenic shock been pre- 
sent for a longer period of time, survival might have 
been adversely affected. Although our small series dem- 
onstrates that cardiopulmonary bypass is feasible in cer- 
tain patients with cardiogenic shock, we have not yet 
demonstrated that this approach is superior to intraaor- 
tic balloon counterpulsation. Also, because bypass can- 
nulas are large (18 or 20Fr), patients with significant 
iliofemoral disease would not benefit from this approach 
to circulatory support. 
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tal are greatly appreciated. The secretarial assistance of 
Grace Murtagh is also very much appreciated. 
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A. BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 


INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolo! 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic receptor-stimulating agents for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the sortie are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
iugo resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
^n period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 

ally. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
gem a possible need for retitration upwards should be considered especially to main- 
ain effectiveness at the end óf the dosing interval. In most clinical settings, however, such as 
Der peat or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. : INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 


hypertensive emergencies. 
Angina Pectoris Due to Atherosclerosis: |NDERAL LA is indicated for the 


long-term panemon of patients with angina pectoris. 
; Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

pereo Subaortic Stenosis: INDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, eqni treatment of exertional or other stress-induced 
angina, palpitations, and s apu INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, Y can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
lures. A Feun blocking agents do not abolish the inotropic action of digitalis on 
eart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
Ades and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL Trap is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL T and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unreco nized, it ma 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 


nodo sre ts chronic bronchitis, emphysema) — PATIENTS 
WITH BRONCHOSPASTI DISEASES SHOULD IN GENERAL NOT me EE BETA 


BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoprotereno!. However, such patients may be subject to protracted severe hypotension. 
Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
dro T4 and reverse T3, and ves ME: 

IN PATIENTS WITH WOLEF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with im- 
ke hepatic or renal function. INDERAL (propranolol HCI) is not indicated for the treatment of 
ypertensive emergencies. 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 
be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL (propranolol HCl) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
propranolol. 

Thyroxine may result in a lower than expected T3 concentration when used concomitantly 
with propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 

bios age clearance is reduced when used Fike ie rhea ropranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug. 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used cote Pr a only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
jen type. 

entral Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress. 


120mg 160mg 


Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol. 


DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may rang from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In an ina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been estab ished. 
ud BRINGS. is to be discontinued, reduce dosage gradually over a period of a few weeks (see 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA hg should 
be discontinued. It may be advisable to withdraw the drug gradually over a period of several 
weeks, 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of these capsules is a registered trademark of Wyeth-Ayerst Laboratories. 
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evascularization for the treatment of atherosclerotic occlusive disease has taken a revolutionary leap 
forward in recent years. Thermal angioplasty, laser recanalization, atherectomy, intravascular stenting and 
and thrombolysis now offer the vascular specialist a new array of opportunities for efficacious treatment. 

To keep abreast of these enhancements, International Congress III features live clinical demonstrations of the 
est vascular intervention therapies with audience participation to optimize the exchange of information with the 


nngress world renowned, international faculty of cardiologists, radiologists, and vascular surgeons. Among the 
pics for the invitational Scientific Sessions and live demonstrations will be: 





e peripheral laser angioplasty e laser-tissue interaction 
e coronary laser recanalization e tissue fusion 
e new laser technology e thrombolysis and anticoagulation 
e control/monitoring systems, including therapies 
angioscopy, arteriography, imaging e atherectomy and other alternate 


e guidance systems recanalization techniques 


All physicians and auxiliary health care personnel involved in vascular medicine are invited to experience 


2 excitement, educational opportunities and diversions of International Congress III, the world's premier 
scular laser and intervention symposium. 


Congress III will offer approximately 20 Category I CME credits and certification in vascular interventions. 


r registration information contact: Congress Coordinator, International Congress III, PO Box 10,000, 
Phoenix, Arizona 85064 (602) 266-2200 


Presented by the Arizona Heart Institute and Foundation in conjunction with the Cardiovascular Center of Excellence at 
Humana Hospital-Phoenix and the American College of Angiology 


Edward B. Diethrich, MD, and Richard A. Schatz, MD, Program Directors 




















a Change of Address? 
Please call us 6-8 weeks in advance if you 
are moving. 
= Questions or Problems? 
f Are you encountering any problems with 
i $ your subscription? Need single copies or 
additional subscriptions? Call us toll free. 
a Gift Giving? 
The journal makes a useful, timely gift to colleagues. Simply call 
to place your orders. 


(call toll free) 1 -800-32 7-902 1 





















Join a successful operation. . .The professional liability, medical and dental 


Southern California Permanente Medical coverage, vacation and sick leave, continu- 
Group. We are a well-established, prepaid ing education, life insurance and retire- 
health care program. Our multispecialty ment plans. After two years full-time 
group practice is a partnership composed employment, physicians are eligible to 
of and managed by SCPMG physicians. be considered for partnership. 
Opportunities are available for board eligi- For a physician application, please call 
ble/certified Cardiologists at the Kaiser (800) 328-5278. If calling from outside of 
Permanente Medical Center located in California, please call (800) 541-7946 or 
Orange County. send your curriculum vitae to: Physician 


Our compensation is competitive and Recruitment, Dept. 003, Walnut Center, 
benefits are outstanding. They include: Pasadena, CA 91188-8013. 


Equal Opportunity Employer M/F/H 
eA 
a 


KAISER PERMANENTE 
Good People. Good Medicine. 


he benefit of antianginal 
rofection plus safety... 












«X 
CARDIZEM = 








ARDIZEM: 


Itiazem HCl/Marion 


A FULLER LIFE 


A remarkable safety profile'* 


The low incidence of side effects with Cardizem allows patients to feel better. 


Protection against angina attacks'*’’ 


The predictable efficacy of Cardizem in stable exertional* and vasospastic 
angina allows patients to do more. 


A decrease in myocardial oxygen demand 


Resulting from a lowered heart rate-blood pressure product 
Compatible with other antianginals*: 


Safe in angina with coexisting hypertension, 
COPD, asthma, or PVD'*** 


*CARDIZEM® (diltiazem HCI) is indicated in the treatment of angina pectoris due fo coronary artery spasm and in the 
management of chronic stable angina (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents. 
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BRIEF SUMMARY 
Professional Use Information 


CARDIZEM* 
(diltiazem HCI) 
30 mg, 60 mg, 90 mg and 120 mg Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, (3) 
patients with hypotension (less than 90 mm Hg systolic), (4) 
patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 
WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 
refractory periods without significantly prolonging sinus 
node recovery time, except in patients with sick sinus 
syndrome. This effect may rarely result in abnormally slow 
heart rates (particularly in patients with sick sinus 
syndrome) or second- or third-degree AV block (six of 1,243 
patients for 0.48%). Concomitant use of diltiazem with 
beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina 
developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction 
in cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM 
alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 
Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant 
elevations in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have 
been reversible upon discontinuation of drug therapy. The 
relationship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS.) 

PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in 
bile. As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were 
associated with histological changes in the liver which were 
reversible when the drug was discontinued. In dogs, doses of 
20 mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist. 
the drug should be discontinued. 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 
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Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabolized 
drugs, particularly those of low therapeutic ratio or in patients 
with renal and/or hepatic impairment, may require adjustment 
when starting or stopping concomitantly administered CARDIZEM 
to maintain optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not 
sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers 
resulted in increased propranolol levels in all subjects and 
bioavailability of propranolol was increased approximately 50%. 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown à 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a one-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine's known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in 
pharmacological effect when initiating and discontinuing 
therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, 
conductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses, in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal 
studies, there was some reduction in early individual pup 
weights and survival rates. There was an increased incidence 
of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the potential 
benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnormali- 
ties have usually been excluded. 
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In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater 
than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presentation 
are: edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%): 
Cardiovascular: Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree—see 
conduction warning), bradycardia, 
congestive heart failure, flushing, 
hypotension, palpitations, Syncope. 
Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, 
somnolence, tinnitus, tremor. 

Anorexia, constipation, diarrhea, 

dysgeusia, dyspepsia, mild elevations of 

alkaline phosphatase, SGOT, SGPT, and 

LDH (see hepatic warnings), vomiting, 

weight increase. 

Petechiae, pruritus, photosensitivity, 

urticaria. 

Other: Amblyopia, CPK elevation, dyspnea, 
epistaxis, eye irritation, hyperglycemia, 
nasal congestion, nocturia, osteoarticular 
pain, polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingival 
hyperplasia, erythema multiforme, and leukopenia. However, a 
definitive cause and effect between these events and CARDIZEM 
therapy is yet to be established. 
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Gastrointestinal: 


Dermatologic: 


See complete Professional Use Information before prescribing. 
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Changes in Plasma Vitamin Levels 
in the First 48 Hours After Onset 
of Acute Myocardial Infarction 


Robert Scragg, MBBS, PhD, Rodney Jackson, MB, ChB, lan Holdaway, MD, FRACP, 
Gerald Woollard, MSc, PhD, and David Woollard, MSc, PhD 


To establish whether plasma vitamin measure- 
ments made after acute myocardial infarction 
(AMI) can be used in case-control studies of coro- 
nary artery disease, the short-term effect of AMI 
on plasma concentrations of 25-hydroxyvitamin D;, 
beta-carotene, vitamin E and retinol was investi- 
gated. Sequential measures of these vitamins were 
made during the first 48 hours after AMI in 13 pa- 
_ tients admitted to the hospital within 4 hours after 
the onset of symptoms. Plasma levels of 25- 
hydroxyvitamin D did not change significantly dur- 
ing the first 12 hours after onset of symptoms. 
Beta-carotene levels increased significantly (p 
<0.05) during the first 12 hours and then de- 
creased, whereas levels of vitamin E and retinol 
progressively decreased during the first 48 hours 
by 26 and 25%, respectively. These results sug- 
gest that, of these vitamins, only plasma measure- 
ments of 25-hydroxyvitamin D3 collected within 12 
hours of onset of symptoms may provide reliable 
information for case-control studies of AMI. 

(Am J Cardiol 1989;64:97 1-974) 


From the Department of Community Health, University of Auckland; 


the Departments of Endocrinology and Clinical Chemistry, Auckland 
Hospital; and the Lynfield Agricultural Center, Auckland, New Zea- 
land. This study was supported in part by Roche Products, New Zea- 
land. Dr. Jackson is a National Heart Foundation of New Zealand 
Research Fellow. Manuscript received December 16, 1988; revised 
manuscript received and accepted July 13, 1989. 

No reprints will be available. 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 1, 1989 


vitamins in the etiology of coronary artery disease. 

Serum 25-hydroxyvitamin D; levels have been 
observed to be lower in acute myocardial infarction 
(AMI) patients than in control subjects.'? Vitamin E 
inhibits platelet aggregation,’ and blood vitamin E, A 
and carotenoid levels correlate with blood cholesterol,^- 
although a nonsignificant increase in serum vitamin A 
has been reported in heart disease patients compared to 
control subjects." 

Low blood levels of vitamins in winter?? could be 
related to the known seasonal variation in coronary ar- 
tery disease mortality, which is typically 30 to 4096 
higher in winter than in summer.!? Case-control studies, 
which typically measure exposure at the time of disease 
occurrence, are potentially suitable for studying short- 
term risk factors including associations between season- 
al variations in blood vitamin levels and coronary artery 
disease risk, provided blood levels of vitamins are not 
affected by the acute phase reaction that occurs after 
AMI. 

This study establishes whether plasma vitamin levels 
are affected by AMI in the short term. Sequential blood 
samples were collected during the first 48 hours after 
the onset of symptoms of AMI. The vitamins chosen for 
measurement were retinol, beta-carotene and vitamin E, 
because these are being measured in the World Health 
Organization Monitoring of Trends and Determinants 
in Cardiovascular Disease Study,!! and 25-hydroxyvita- 
min D, because this vitamin may be related to the sea- 
sonal variation in coronary artery disease mortality? 
and is probably the most useful vitamin D metabolite 
for evaluation of overall vitamin D status.!3 


T is continuing interest in a possible role for 


METHODS 

Nonfasting blood samples were collected immediate- 
ly after admission to the hospital, at 8 hourly intervals 
during the subsequent 24 hours and again at 48 hours, 
in 13 patients with proven AMI admitted within 4 
hours of onset of chest pain. The samples were all taken 
with patients in the supine position. Plasma samples 
were separated within 4 hours of collection and stored 
at —20? C until analyzed. All patients were admitted to 
a coronary care unit in Auckland, New Zealand, be- 
tween June 1985 and January 1986. AMI was diag- 
nosed on the basis of a history of prolonged chest pain, 
elevated cardiac enzymes and evolving electrocardio- 
graphic changes.!^ There were 11 men and 2 women, 
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PLASMA VITAMINS AFTER MYOCARDIAL INFARCTION 


aged 47 to 66 years (mean age 57). The study was ap- 
proved by the Auckland Hospital Ethics Committee. 
Retinol, vitamin E and beta-carotene were measured 
simultaneously from samples from all 13 subjects by 
high performance liquid chromatography. Although 
these 3 compounds have differing chromatographic and 
spectral properties and in the past have been measured 
separately, careful choice of mobile phase and the avail- 
ability of programmable multiwavelength detectors al- 
lowed their measurement in a single injection sample 
using high performance liquid chromatography. Extrac- 
tion of the 3 components from plasma followed an es- 
tablished procedure! involving protein precipitation 
with methanol of samples plus internal standards and 
subsequent extraction into hexane. The hexane was then 
evaporated under nitrogen and the concentrated extract 
taken up in ethanol ready for injection. Chromatogra- 
phy was performed on a Novapak C18 radially com- 
pressed column. The mobile phase was composed of 
45% acetonitrile, 45% methanol and 10% dichlorometh- 
ane. This mixture allows good separation of all the mea- 
sured components in a convenient time without the need 
for gradient elution and is a modification of a previously 
published method.!é The individual components were 
detected in a single chromatographic run by the use of 
programmed multiple wavelength changes (325 nm for 
retinol, 292 nm for alpha-tocopherol and 465 nm for 
beta-carotene) against their respective internal stan- 
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dards. This detection method closely resembles that of 
Milne and Botnen.!’ 

For logistic reasons, 2 different methods were used 
to measure 25-hydroxyvitamin D3. Method A was used 
for 8 patients (patients 1 to 8 in Figure 1), while meth- 
od B was used for 4 more patients (patients 9 to 12 in 
Figure 1). The same method was always used to mea- 
sure vitamin D levels in all 5 samples collected from any 
individual patient. Method A used extraction of plasma 
with ethanol!® and fractionation with sephadex LH-20. 
Assay was by competitive protein binding using human 
serum as binding protein and separation with dextran- 
charcoal. The sensitivity of the assay was 12.5 nmol/ 
liter and the within-assay and between-assay coeffi- 
cients of variation were + 9 and + 22%, respectively. 
Method B involved dilution of replicate plasma samples 
(500 ul) with an equal volume of water followed by ad- 
dition of 25 yl-labeled 25-hydroxycholecalciferol to 
measure hormone recovery. Protein was removed by ad- 
dition of acetonitrile, the supernatant was mixed with 
500 ul of 0.4 M phosphate buffer (pH 10) and passed 
through a C18 Sep-pak cartridge (Waters Associates), 
discarding the eluate. After washing, 25-hydroxyvita- 
min D; was eluted from the cartridge with 3 ml acetoni- 
trile, evaporated and stored at —20? C. The analysis 
involved reconstitution with 1 ml ethanol followed by 
competitive protein binding assay using bovine serum 
and separation with dextran-coated charcoal. The 


Patient Number 
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FIGURE 1. Plasma 25-hydroxyvitamin D3 
trati in individual patient 
during the first 48 hours after admission 
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TABLE I Mean Plasma Vitamin Concentrations During the First 48 Hours After Admission for Acute Myocardial Infarction 


Vitamin O hours 8 hours 16 hours 24 hours 48 hours 


Mean 25-hydroxyvitamin D 103 98 89 89 
(nmol /liter) 

Mean of differences + SE* 0+3 -545 —14 +8 -1547 

Percentage change* 0 —4.9 —13.6 —14.6 


Beta-carotene (umol / liter) : 0.574 
mean 

Mean of differences + SE 

Percentage change 

Vitamin E (umol/ liter) 
mean 

Mean of differences + SE 

Percentage change 

Retinol (umol /liter) 
mean 

Mean of differences + SE —0.14+0.04+ 

Percentage change —6.9 


0.029 + 0.012! 


—0.24 + 0.06? 
-1L8 *13,3 —24.6 


0.556 0.532 0.448 
0.012 + 0.028 —0.013 + 0.033 
—2.4 
31.1 


—0.097 + 0.045 


—5.9 4- 2.3! 


—0.27 + 0.06* —0.50 x 0.08* 


Difference between means is not always equal to mean of difference because of rounding errors. 
* Compared with concentration on admission (i.e., O hours); t p «0.05; * p «0.1 paired t test for differences of means. 


SE = standard error. 





within- and between-assay coefficients of variation were 
+ 4.8 and + 10.5%, respectively. 

Paired (2-tail) ¢ tests were used to assess the signifi- 
cance of differences in vitamin levels at each collection 
time.?0 


RESULTS 

Mean plasma vitamin levels at each of the collection 
times are listed in Table I, along with the mean of the 
difference from baseline and the percentage change 
compared with baseline. Mean plasma levels of 25- 
hydroxyvitamin D3 at baseline and 8 hours were similar, 
but then progressively decreased to 14.6% less than 
baseline at 48 hours. The trend in the means was simi- 
lar for patients measured by each vitamin D method. 
The mean level of beta-carotene increased significantly 
(5.3%, p «0.05) at 8 hours and thereafter progressively 
decreased. Mean level of vitamin E decreased by 7.0% 
at 8 hours, and at 24 hours was 16.0% less than baseline 
(p «0.05). Retinol decreased significantly (6.9%, p 
<0.01) at 8 hours and reached a level that was 25% less 
than baseline by 48 hours. 

The levels of 25-hydroxyvitamin D and beta-caro- 
tene from the 5 sequential samples for each patient 
were plotted against time from admission to see whether 
the trend for each individual was similar to the trends in 
the means shown in Table I. As shown in Figure 1, seri- 
al vitamin D levels in individual patients were similar to 
the mean for the whole group, except for patient 8, 
whose levels decreased from baseline, and patient 9, 
whose levels progressively increased. The individual pat- 
terns for beta-carotene concentration (Figure 2) were 
similar to the mean for all individuals, except for patient 
5, whose levels more than doubled in the first 24 hours 
after AMI. 


DISCUSSION 
This study demonstrates that plasma levels of 25- 
hydroxyvitamin D do not change significantly during 


the first 12 hours after the onset of symptoms of AMI 
(i.e., over the first 8 hours after admission). In contrast, 
plasma beta-carotene levels are elevated during the first 
20 hours, and then decrease, whereas concentrations of 
vitamin E and retinol progressively decrease during the 
first 48 hours after AMI. There appear to be no previ- 
ous studies that have systematically examined changes 
in blood vitamin levels during the first 48 hours after 
AMI, although a Danish study reported no change in 
levels of 25-hydroxyvitamin D in samples taken daily 
for 4 days after AMI, while a Swedish study found a 
significant decrease in vitamin E during the first week 
after AMI?! 

It is unlikely that these changes in plasma vitamin 
levels are due to changes in hemoconcentration after 
AMI because they did not vary in the same direction 
during the first 16 hours after admission. Neither does 
change in dietary intake after AMI seem a likely expla- 
nation for these results. While blood levels of vitamin 
E and beta-carotene are both strongly influenced by 
diet, dietary intake has little effect on blood retinol 
levels, while blood concentrations of 25-hydroxy- 
vitamin D are primarily determined by exposure to ul- 
traviolet radiation rather than dietary intake of vitamin 
D.^ Furthermore, blood concentrations of beta-caro- 
tene and 25-hydroxyvitamin D are related to the level of 
exposure from diet?’ or sunlight,?° respectively, over the 
preceding few weeks rather than days. 

Changes in blood vitamin concentration after AMI 
due to an acute phase reaction seem a possible explana- 
tion for these findings.*’ Twenty-five-hydroxyvitamin D 
circulates bound to vitamin D binding protein, and lev- 
els of these are low in liver diseases.?* Changes in 25- 
hydroxyvitamin D due to altered levels of binding pro- 
tein, changed affinity of binding proteins for vitamin D 
or production of acute phase proteins capable of binding 
vitamin D might all contribute to altered vitamin D lev- 
els after AMI. Of the vitamins measured in the present 
study, vitamin D,?^ beta-carotene and retinol?’ may all 
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be influenced by alterations in liver metabolism as may 
occur in the acute reaction to stress. 

This study shows that plasma levels of beta-carotene, 
retinol and vitamin E change rapidly during the first 48 
hours after AMI, which invalidates their measurement 
over this time period in case-control studies. By compar- 
ison, the similarity in 25-hydroxyvitamin D levels be- 
tween the 2 samples taken during the first 12 hours af- 
ter onset of AMI symptoms suggests that levels in sam- 
ples taken during this time are likely to be similar to 
blood concentrations before AMI, and might be used as 
a proxy for levels before AMI in case-control studies. 
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Oral Antiarrhythmic Capsules of 150 mg, 200 mg and 250 mg 
Brief Summary of Prescribing Information 

CONTRAINDICATIONS: Mexitil* (mexiletine hydrochloride) is contraindicated in the presence of car- 


DI 
diogenic shock or pre-existing second- or third-degree AV block (if no pacemaker is present). 
PRÉCAUTIONS: General: If a ventricular pacemaker is operative, patients with second or third degree 
heart block may be treated with Mexitil® (mexiletine hydrochloride) if continuously monitored. A limited 
number of patients (45 of 475 in controlled clinical trials) with pre-existing first degree AV block were 
treated with Mexitil; none of these patients developed second or third degree AV block. Caution should be 
exercised when it is used in such patients or in patients with pre-existing sinus node dysfunction or 
intraventricular conduction abnormalities. 
Like other antiarrhythmics Mexitil can cause worsening of arrhythmias. This has been uncommon in 
patients with less serious arrhythmias (frequent premature beats or non-sustained ventricular tachycar- 
dia: see ADVERSE REACTIONS), but is of Tm concern in patients with life-threatening arrhythmias 
such as sustained ventricular tachycardia. In patients with such arrhythmias subjected to programmed 
electrical stimulation or to exercise provocation, 10-15% of patients had exacerbation of the arrhythmia, a 
rate not aer than that of other agents. i 
Mexitil should be used with caution in patients with hypotension and severe congestive heart failure. 
Since Mexitil is metabolized in the liver, and hepatic impairment has been reported to prolong the 
elimination half-life of Mexitil, patients with liver disease should be followed carefully while receiving 
Mexitil. The same caution should be observed in patients with hepatic dysfunction secondary to 
congestive heart failure. 
Concurrent drug thera 
during Mexitil therapy. 
excretion of Mexitil. 
SGOT Elevation and Liver Injury: In three-month controlled trials, elevations of SGOT greater than three 
times the upper limit of normal occurred in about 1% of both mexiletine-treated and control patients. 
Approximately 2% of patients in the mexiletine compassionate use program had elevations of SGOT 
greater than or equal to three times the upper limit of normal. These elevations frequently occurred in 
association with identifiable clinical events and therapeutic measures such as congestive heart failure, 
acute myocardial infarction, blood transfusions and other medications. These elevations were often 
asymptomatic and transient, usually not associated with elevated bilirubin levels and usually did not 
require discontinuation of therapy. Marked elevations of SGOT (71000 U/L) were seen before death in 
four patients with end-stage cardiac disease (severe congestive heart failure, cardiogenic shock). 
In foreign marketing experience rare instances of severe liver injury, including hepatic necrosis, have 
been reported in association with Mexitil treatment. It is recommended that patients in whom an 
abnormal liver test has occurred, or who have signs or nmpas suggesting liver dysfunction, be 
carefully evaluated. If persistent or worsening elevation of hepatic enzymes is detected, consideration 
should be given to discontinuing therapy. 
Blood Dyscrasias: Blood dyscrasias were not seen in the controlled trials. Among 10,867 patients treated 
with mexiletine in the compassionate use program, marked leukopenia (neutrophils less than 1000/mm?) 
or agranulocytosis were seen in 0.06%, and milder depressions of leukocytes were seen in 0.08%, and 
thrombocytopenia was observed in 0.16%. Many of these patients were seriously ill and receiving 
concomitant medications with known hematologic adverse effects. Rechallenge with mexiletine in several 
cases was negative. Marked leukopenia or agranulocytosis did not occur in any patient receiving Mexitil 
alone; five of the six cases of agranulocytosis were associated with procainamide (sustained release 
preparations in four) and one with vinblastine. If significant hematologic changes are observed, the 
patient should be carefully evaluated, and, if warranted, Mexitil should be discontinued. Blood counts 
usually return to normal within one month of discontinuation. (See ADVERSE REACTIONS. ) 
Convulsions (seizures) did not occur in Mexitil controlled clinical trials. In the compassionate use 
program, convulsions were reported in about 2 of 1000 patients. Twenty-eight percent of these patients 
discontinued nih Convulsions were reported in patients with and without a prior history of seizures. 
Mexiletine should be used with caution in patients with known seizure disorder. 
Drug Interactions: In a large compassionate use program Mexitil has been used concurrently with 
commonly viui ge antianginal, antihypertensive, and anticoagulant drugs without observed interac- 
tions. A variety of antiarrhythmics such as quinidine or propranolol were also added, sometimes with 
improved control of ventricular ectopy. When phenytoin or other hepatic enzyme inducers such as 
rifampin and phenobarbital have been taken concurrently with Mexitil, lowered Mexitil plasma levels have 
been reported. Monitoring of Mexitil plasma levels is recommended during such concurrent use to avoid 
ineffective DO x 
In a formal study, benzodiazepines were shown not to affect Mexitil plasma concentrations. ECG intervals 
PR, QRS and QT) were not affected by concurrent Mexitil and digoxin, diuretics, or propranolol. 
ncurrent administration of cimetidine and Mexitil has been reported to increase, decrease, or leave 
boe dn Mexitil plasma levels; therefore patients should be followed carefully during concurrent 
erapy. 
Mexitil does not alter serum digoxin levels, but magnesium-aluminum hydroxide, when used to treat 
sets iy t symptoms due to Mexitil, has been reported to lower serum digoxin levels. 
ere have been isolated reports of increased plasma theophylline levels following concomitant adminis- 
tration of Mexitil. 
Carcinogenesis, Mutagenesis and impairment of Fertility: Studies of carcinogenesis in rats (24 
months) and mice (18 months) did not demonstrate any tumorigenic potential. Mexitil was found to be 
non-mutagenic in the Ames test. Mexiti! did not impair fertility in the rat. 
Pregnancy/Teratogenic Effects 
C: Reproduction studies performed with Mexitil in rats, mice and rabbits at doses up 
to four times the maximum human oral dose (20 mg/kg in a 50 kg patient) revealed no evidence of 
teratogenicity or impaired fertility but did show an increase in fetal resorption. There are no adequate and 
well-controlled studies in pregnant women; this drug should be used in pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 
Nursing Mothers: Mexitil appears in human milk in concentrations similar to those observed in plasma. 
ee, if the use of Mexitil is deemed essential, an alternative method of infant feeding should be 
con i 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Mexitil* (mexiletine hydrochloride) commonly produces reversible gastroin- 
testinal and nervous system adverse reactions but is otherwise well tolerated. Mexitil has been evaluated 
in 483 patients in one-month and three-month controlled studies and in over 10,000 patients in a large 
compassionate use program. Dosages in the controlled studies ranged from 600-1200 mg/day; some 
patients (8%) in the compassionate use program were treated with higher daily doses Ms 
mg/day). In the three-month controlled trials comparing Mexitil to quinidine, procainamide and dis- 
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ness (10.5%), tremor (12.6%) and coordination MM bieh Similar frequency and incidence 
were observed in the one-month placebo-controlled trial. Although these reactions were generally not 
serious, and were dose-related and reversible with a reduction in dosage, by tng the drug with food or 
antacid or by therapy discontinuation, they led to therapy discontinuation in 40% of patients in the 
ele trials. A tabulation of the adverse events reported in the one-month placebo-controlled trial 
ollows: 
wey i Incidence (%) of Adverse Events among Patients Treated with Mexiletine and Placebo in 
the 4-Week, Double-Blind Crossover Trial Mexiletine Placebo 
N-53 N- 49 

Cardiovascular 

Palpitations 

Chest Pain 

Increased Ventricular Arrhythmias/PVC's 
Digestive 

ausea/Vomiting/Heartburn 

Central Nervous System 

Dizziness/Lightheadedness 

Tremor 

Nervousness 

Coordination Difficulties 

Changes in Sleep Habits 
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Non-specific Edema 


A tabulation of adverse reactions occurring in one percent or more of patients in the three-month 
controlled studies follows: 
Comparative Incidence Del of Adverse Events among Patients Treated with Mexiletine or Control 


Drugs in the 12-Week, Double-Blind Trials 
Quinidine Procainamide aor i ens 


Mexiletine 
N — 430 N-262 N=78 


Cardiovascular 
Palpitations 
Chest Pain 
Angina/Angina-like Pain 
Increased Ventricular 
Arrhythmias/PVC's 
Digestive 
ausea/Vomiting/ 
Heartburn 
Diarrhea 
Constipation 
Changes in Appetite 
Abdominal Pain/Cramps/ 
Discomfort 
Central Nervous System 
Dizziness/ 
Lightheadedness 
Tremor 
Coordination Difficulties 
Changes in Sleep Habits 
Weakness 
Nervousness 
Fatigue 
Speech Difficulties 
Confusion/Clouded 
Sensorium 
Paresthesias/Numbness 
Tinnitus 
Depression 
Other 
Blurred Vision/Visual 
Disturbances 5 
Headache 5 
Rash 4. 
3 
2 
1 


—N > 


— 


3 1.3 
6 1.3 
y 2.6 
0 2.6 


[^v] 
— meo 
N oOmNg& 
— 


c 
— A NOW OO — 


aaao CDOOcOOL- NO 
| 29m9o|-nm 
aopn’ pw 


SN OO CO M — C0 — 


| 
noo 
mc 


— 
ei 
— 
> 


— — A> 
-Nnu 


— 
mo ooo-u 
oO -LLc-- 


Dyspnea/Respiratory 
Dry Mouth 
Arthralgia 

Fever 1.2 3. 


Less than 1%: Syncope, edema, hot flashes, hypertension, short-term memory loss, loss of 
consciousness, other peyare changes, diaphoresis, urinary hesitancy/retention, malaise, 
impotence/decreased libido, pharyngitis. 
In postmarketing experience, there have been isolated, spontaneous reports of pulmonary changes 
including pulmonary fibrosis during Mexitil therapy in association with other drugs or diseases that 
arp own te produce pulmonary toxicity. A causal relationship to Mexitil therapy has not been 
established. 
An additional group of over 10,000 patients has been treated in a program allowing administration of 
Mexitil under compassionate use circumstances. These patients were seriously ill with the large 
majority on multiple drug therapy. Twenty-four percent of the patients continued in the program for 
one year or longer. Adverse reactions leading to therapy discontinuation occurred in 15% of patients 
(usually upper gastrointestinal system or nervous system effects). In general, the more common 
adverse reactions were similar to those in the controlled trials. Less common adverse events 
possibly related to Mexitil use include: 
Cardiovascular System: Syncope and hypotension, each about 6 in 1000; bradycardia, about 4 
in 1000; angina/angina-like pain, about 3 in 1000; edema, atrioventricular block/conduction 
disturbances and hot flashes, each about 2 in 1000; atrial arrhythmias, hypertension and 
cardiogenic shock, each about 1 in 1000. 
Central Nervous System: Short-term memory loss, about 9 in 1000 patients; hallucinations 
and other psychological changes, each about 3 in 1000; psychosis and convulsions/seizures, 
each about 2 in 1000; loss of consciousness, about 6 in 10,000. 
Digestive: Dysphagia, about 2 in 1000; peptic ulcer, about 8 in 10,000; upper gastrointestinal 
bleeding, about 7 in 10,000; esophageal ulceration, about 1 in 10,000. 
Laboratory: Abnormal liver function tests, about 5 in 1000 patients; positive ANA and thrombo- 
cytopenia, each about 2 in 1000; leukopenia (including neutropenia and agranulocytosis), 
about 1 in 1000; myelofibrosis, about 2 in 10,000 patients. 
Other: Diaphoresis, about 6 in 1000; altered taste, about 5 in 1000; salivary changes, hair loss 
and impotence/decreased libido, each about 4 in 1000; malaise, about 3 in 1000; urinary 
hesitancy/retention, each about 2 in 1000; hiccups, dry skin, MAR and pharyngeal 
CT M" changes in oral mucous membranes, each about 1 in 1000; SLE syndrome, about 
in 10,000. 
Hematology: Blood dyscrasias were not seen in the controlled trials but did occur among the 10,867 
patients treated with mexiletine in the compassionate use program: (See PRECAUTIONS). My- 
elofibrosis was reported in two patients in the compassionate use program; one was receiving long- 
term poo therapy and the other had pretreatment myeloid abnormalities. 
HOW SUPPLIED: 
Mexitil* (mexiletine hydrochloride) is supplied in hard gelatin capsules containing 150, 200 or 
250 mg of mexiletine hydrochloride in bottles of 100 and individually blister-sealed unit-dose 
cartons of 100. Consult package insert before prescribing. 
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Oxygen Delivery, Oxygen Consumption and 
Hemoglobin-Oxygen Affinity in Acute Myocardial 


Infarction 


Tsutomu Sumimoto, MD, Yasuo Takayama, MD, Toshiji lwasaka, MD, Tetsuro Sugiura, MD, 
Masaharu Takeuchi, MD, Noritaka Tarumi, MD, Hirofumi Takashima, MD, and Mitsuo Inada, MD 


The interrelations of oxygen delivery (DO2), oxygen 
consumption (VO2) and hemoglobin-oxygen affinity 
assessed by Pso were investigated in 43 patients 
with acute myocardial infarction. As DO; declined 
due to low cardiac output, a significant decrease in 
VO; (r = 0.75, p <0.001) and a significant increase 
in Pso (r = —0.74, p <0.001) were observed. In the 
DO» range between 300 and 450 ml/min/n7?, in 
which the DO; of 32 survivors and 11 nonsurvivors 
overlapped, the P5, of nonsurvivors was signifi- 
cantly higher than that of survivors (31.5 + 1.6 vs 
27.9 + 1.5 torr, p «0.001), but there were no sig- 
nificant differences in any other oxygen transport 
variable. As a result of differences in P5o, VO; in 
this range was significantly higher in nonsurvivors 
compared to survivors (169 + 17 vs 148 + 13 ml/ 
min/m?, p <0.001). These data suggest that a nor- 
mal or increased VO; alone does not ensure surviv- 
al in patients with acute myocardial infarction, and 
increased Pso leads to an increase in VO». Never- 
theless, the interpretation of an increased P5, in 
patients with acute myocardial infarction must be 
made with caution, even with adequate DO; and 
VOs, because it may imply a precarious oxygen 
transport/requirement balance in peripheral tissue 
and, hence, a fatal outcome. 

(Am J Cardiol 1989;64:975-979) 
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ssessment of tissue oxygenation in acutely ill 
JA siens is quite difficult.! Oxygen consumption 
(VO;) normally is determined by the metabolic 
needs; thus knowledge of the VO; is important in un- 
derstanding tissue oxygenation under stable metabolic 
conditions.” In acutely ill patients, the clinical signifi- 
cance of VO, is less certain.* 5 Recently, a number of 
studies have demonstrated that VO» continues to be de- 
pendent on oxygen delivery (DO») even at extremely 
high DO; levels in some patients with septic shock’~? or 
the adult respiratory distress syndrome.!9-!? This DO>- 
dependent VO; is in marked contrast to normal oxygen 
metabolism?? and is thought to be evidence of inade- 
quate tissue oxygenation resulting in irreversible tissue 
damage and death. When DO, is impaired, one of the 
compensatory mechanisms by which VO; is maintained 
is a decrease in hemoglobin-oxygen affinity.?-!? A de- 
crease in hemoglobin-oxygen affinity, assessed quantita- 
tively by an increase in P5o, is reflected by a rightward 
shift of the oxyhemoglobin dissociation curve, which fa- 
cilitates oxygen unloading from oxygenated hemoglobin 
at the level of tissue capillaries. In patients with acute 
myocardial infarction, it has been demonstrated that 
Pso increases to improve VO; as DO; is decreased due 
to low cardiac output.!® 
We have hypothesized that, during the acute phase 
of myocardial infarction, tissue hypoxia may occur even 
with normal cardiac output, DO; and VO; in some pa- 
tients receiving intensive medical treatment, and that 
this may worsen their prognosis. However, this unrecog- 
nized tissue hypoxia may be detected by determining 
the magnitude of the compensatory increase in P5o. To 
test this hypothesis, we investigated further the relation 
of DO», VO; and P5, in patients with acute myocardial 
infarction and correlated these variables with survival. 


METHODS 

Patients: Forty-three consecutive patients who had a 
Swan-Ganz catheter and an arterial line inserted within 
24 hours after the onset of chest pain were investigated. 
All 43 patients were diagnosed as having acute myocar- 
dial infarction on the basis of a typical clinical history, 
characteristic Q waves and ST-segment changes on the 
electrocardiogram and a significant increase in the se- 
rum creatine kinase-MB isoenzyme level. Thirty-two 
patients were discharged from the hospital and 11 died 
during the hospital stay. Of the 32 survivors, 23 were 


975 


aX ENIN 5z = ex F a v Tu 


INCREASED Pso AFTER MYOCARDIAL INFARCTION 


men and 9 were women, with a mean age of 62 + 13 
years. Twenty had an anterior wall infarction and 12 
had an inferior wall infarction. Of the 11 nonsurvivors, 
7 were men and 4 were women, with a mean age of 70 
+ 9 years. Ten had an anterior wall infarction and 1 
had an inferior wall infarction. Ten died of progressive 
congestive heart failure and 1 died of a refractory ven- 
tricular arrhythmia. No patient died of a rupture of the 
left ventricle. 

Measurements: A Swan-Ganz catheter was inserted 
through the internal jugular or subclavian vein and ad- 
vanced into the pulmonary artery; the correct position 
was documented by characteristic pressure curves and 
chest roentgenograms. An arterial catheter was inserted 
in the radial artery. Cardiac output was determined by 
the thermodilution technique in triplicate, or until 3 
measurements varied by <5%. Simultaneous blood sam- 
ples were drawn from both the pulmonary and radial 
arteries. Oxygen tension (PO;), carbon dioxide tension 
(PCO,) and pH were measured at 37° C with the stan- 
dard electrode technique (Radiometer Co., ABL2). 
Oxygen saturation (SO;) and hemoglobin concentration 
(Hb) were measured with a CO-oxymeter (Radiometer 
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Co., OSM2). From these data, the following variables 
were calculated: arterial and mixed venous oxygen con- 
tent (Hb X % SO; X 1.34 + 0.0031 X PO-2), arterio- 
venous oxygen difference (arterial oxygen content — 
mixed venous oxygen content), DO; (arterial oxygen 


content X cardiac index X 10), VO; (arteriovenous oxy- 


gen difference X cardiac index X 10) and oxygen ex- 
traction ratio (VO;/DO; X 100). We calculated Psp at 
pH 7.40, PCO, of 40 torr and a temperature of 37? C 
using the formula described by Aberman et al.!' 

All patients were treated conventionally with cate- 
cholamines, vasodilators, fluids and other supportive 
care according to their hemodynamic status, but we 
confirmed hemodynamic stability for at least 1 hour be- 
fore measurements were taken without altering treat- 
ment. Measurements of cardiac output and blood gas 
parameters were completed consecutively within 15 
minutes and performed during the first 24 hours after 
the estimated time of infarction. 

Statistical analysis: Correlations of Pso-oxygen ex- 
traction ratio, Pso-arteriovenous oxygen difference, 
DO»-VO; and DO>-Ps9 were calculated by least-squares 
regressions. The unpaired ¢ test was used for compari- 


FIGURE 1. Relation between Pso and oxy- 
gen extraction ratio (A), and P59 and 
arteriovenous oxygen difference (8) in 43 
patients with acute myocardial infarction: 
32 survivors (closed circles) and 11 non- 
survivors (open circles). A, oxygen extrac- 
tion ratio = —65.1 + 3.65 X Pso, r = 0.85, 
p <0.001. B, arteriovenous oxygen differ- 
ence = —7.00 + 0.464 x Pso, r = 0.70, p 
<0.001. 
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sons between survivors and nonsurvivors in the DO; 
range between 300 and 450 ml/min/m?. Data are ex- 
pressed as mean + standard deviation. Probability (p) 
values «0.05 were considered to be significant. 


RESULTS 

Pso-oxygen extraction ratio and P5o-arteriovenous 
oxygen difference relations: Ps; correlated positively 
with oxygen extraction ratio (Figure 1A, r — 0.85, p 
<0.001) and arteriovenous oxygen difference (Figure 
1B, r = 0.70, p <0.001). Thus, increased oxygen extrac- 
tion in peripheral tissue was found to have a significant 
correlation with an increase in P5o. 

DO2-VO2 and DO;-Ps, relations: As DO; declined, 
a significant linear decrease in VO; (Figure 2A, r — 
0.75, p <0.001) and a significant linear increase in Pso 
(Figure 2B, r = —0.74, p «0.001) were observed. 

Comparison between survivors and nonsurvivors in 
the DO; range between 300 and 450 ml/min/m?: The 
DO) of 32 survivors (516 + 133 ml/min/m?) and of 11 
nonsurvivors (303 + 108 ml/min/m?) were significant- 
ly different (p <0.001). As VO; and Psp could be af- 
fected directly by the values of DO; (Figure 2), the 
DO; range between 300 and 450 ml/min/m?, in which 
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FIGURE 2. Relation between oxygen de- 
livery (DO2) and oxygen consumption 
(VO2) (A), and DO; and Ps, (B) in 43 
patients with acute myocardial infarction: 
32 survivors (closed circles) and 11 non- 
survivors (open circles). Two broken lines 
show the DO; range between 300 and 
450 ml/min/m?. A, VO; = 104 + 0.13 x 
DO>2, r = 0.75, p «0.001. B, Ps, = 34.5 — 
0.013 x DO2, r = —0.74, p «0.001. 
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the DO; of survivors and nonsurvivors overlapped, was 
chosen to compare survivors with nonsurvivors, to ex- 
clude the effects of DO, on tissue oxygenation. There 
were 12 survivors and 7 nonsurvivors in this DO» range 
(Figure 2). The Pso of nonsurvivors in this DO» range 
was significantly higher than that of survivors (31.5 + 
1.6 vs 27.9 + 1.5 torr), but there were no significant 
differences in cardiac index, hemoglobin concentration, 
arterial oxygenation and DO; (Table I). Table II lists 
the variables of tissue oxygen consumption. Mixed ve- 
nous oxygen saturation was significantly lower in non- 
survivors, despite no significant differences in mixed ve- 
nous oxygen tension. Arteriovenous-oxygen difference 
and oxygen extraction ratio were significantly higher in 
nonsurvivors, and the VO» of nonsurvivors also was sig- 
nificantly higher than that of survivors (169 + 17 vs 
148 + 13 ml/min/m?). Because there were no signifi- 
cant differences in oxygen transport variables except the 
P5o, the increase in VO; of 21 ml/min/m? in nonsurvi- 
vors was accounted for by the increased Pso of 3.6 torr. 
This augmentation was equivalent to a 14% increase in 
oxygen availability. Arterial blood pH and temperature 
were not significantly different in the 2 groups. There 
were no significant differences in the use of catechol- 
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TABLE I Variables in Oxygen Transport in Oxygen Delivery 
Range Between 300 and 450 ml/min /m*? in Patients with 
Acute Myocardial Infarction 


Survivors 
(n = 12) 


Nonsurvivors 


(n » 7) p Value 


Ps (torr) 

Cl (liters /min / m?) 
Hb (g/dl) 

PaO; (torr) 

SaO 


27.9: 1.5 
2.6 X 0.6 

117 :£ 2:5 
109 + 47 
95+3 


31.54 1.6 
25404 
12.14 1.8 
1104 60 
9442 
CaO» (volume %) 152:33 15.4423 
DO; (ml / min /m?) 379 + 43 372 4 49 


CaO» = arterial oxygen content; Cl = cardiac index; DO2 = oxygen delivery; Hb = 
hemoglobin concentration; NS = not significant; PaO» = arterial oxygen tension; SaO? 
= arterial oxygen saturation. 


amines (50 vs 57%) and vasodilators (66 vs 71%) be- 
tween 12 survivors and 7 nonsurvivors at the time of 
measurement. None of the patients was treated with 6 
blockers. 


DISCUSSION 

Diagnosing tissue hypoxia in patients with acute 
myocardial infarction is difficult.! Arterial hypoxemia is 
usually prevented by oxygen therapy. If cardiac output 
has been normalized by administering powerful inotro- 
pic or vasodilative agents and fluid infusion, the oxygen 
transport to tissue is preserved. Nevertheless, it may be 
misleading to assess tissue oxygenation by isolated mea- 
surements of cardiac output, DO» or VO», because met- 
abolic activity in these patients may vary widely in re- 
sponse to fever, endogenous catecholamine release, tis- 
sue inflammation, nutritional status and administration 
of drugs.!?:!? Under such conditions, there are practical 
difficulties in determining whether DO; or VO; match- 
es tissue metabolism, even though some investigators 
have emphasized the importance of maintaining DO, 
or VO>.7!22 We demonstrate that, in patients with acute 
myocardial infarction, extreme DO; and VO; values 
were predictive of survival or fatality, but death subse- 
quently occurred in patients even with near-normal val- 
ues of DO, and VO; (Figure 2A). 

Despite the compensatory effect of Pso, which facili- 
tates oxygen extraction in peripheral tissue (Figure 1), 
it has been demonstrated that the increase in Pso after 
acute myocardial infarction is related to the severity of 
tissue oxygenation or disease.!92324 Kostuk et al? relat- 
ed the increase in P5, to the initial clinical class, infarct 
size and acute mortality. Da Luz et al^ documented 
that P5o characteristically increased in patients in whom 
acute myocardial infarction was followed by circulatory 
failure. However, it is possible that the increase in Pso in 
these previous studies may have simply reflected the de- 
creases in DO; (Figure 2B), which are determined by 
cardiac output, arterial oxygenation and hemoglobin 
concentration. A significant decrease in 21 of these 
variables affects the outcome of myocardial infarction. 
In contrast, our data indicated that patients who subse- 
quently died had a greater increase in Pso leading to a 
correspondingly greater increase in VO» than survivors 
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TABLE Il Variables in Oxygen Consumption in Oxygen 
Delivery Range Between 300 and 450 ml/min /m? in Patients 
with Acute Myocardial Infarction 


Nonsurvivors 
(n 7 7) 


Survivors 


(n = 12) p Value 


PvO> (torr) 
SvO» (96) 


3342 
58 + 4 
5.841.2 
39+3 
148 € 13 
7.45 +0.05 
37.8 + 0.6 


3444 
5145 
TEEN. 
464 
169 + 17 
7.43 x 0.13 
37.9 1 0.6 


CavDO» (volume 96) 

VO2/DO» (76) 

VO» (ml / min / m?) 

Arterial pH 

Pulmonary arterial 
temperature (° C) 


CavDO> = arteriovenous oxygen difference; NS = not significant; PvO? = mixed 
venous oxygen tension; SvO2 = mixed venous oxygen saturation; VO2 = oxygen 
consumption; VO2/DO2 = oxygen extraction ratio. 





(despite the lack of significant differences in DO» or 
any determinants of DO»;) in the DO; range from 300 
to 450 ml/min/m^2. This observation suggests that the 
magnitude of an increased Ps, after acute myocardial 
infarction may by itself predict a subsequent death inde- 
pendent of DO». | 

The physiologic importance of Ps, in this setting 
may be considerable. Under stable metabolic conditions, 
when DO) fully meets tissue oxygen requirements, Pso 
has little or no role in maintaining VO; and tissue oxy- 
genation.? In contrast, when DO, insufficiently fulfills 
tissue oxygen requirements because of critically im- 
paired DO; or increased oxygen requirements of periph- 
eral tissue, the alterations in Ps) become important.!> 
Valeri and Fortier?ó have suggested that the position of 
the oxyhemoglobin dissociation curve is useful for evalu- 
ating tissue oxygenation and serial therapy in patients 
with cardiopulmonary disease. The implication is that 
Pso increases to prevent tissue hypoxia as DO; is com- 
promised relative to the metabolic demand. Most im- 
portantly, after the compensatory increase in Pso has 
reached maximum levels, an oxygen debt may still re- 
main. Oxygen debt, which is thought to cause irrevers- 
ible tissue damage resulting in a fatal outcome, is ex- 
tremely difficult to recognize during acute illness be- 
cause it can occur despite the normal or elevated DO; 
and VO>.° However, a marked increase in Psọ may be 
indicative of its covert presence. In the present study, 
nonsurvivors had a significantly higher VO; than survi- 
vors in the DO; range from 300 to 450 ml/min/m"?. 
The increased VO», associated with a marked increase 
in Pso in these patients, may have remained relatively 
insufficient to meet tissue oxygen requirements. 

Although we did not measure blood lactate levels as 
a marker of oxygen debt, there is a good biochemical 
reason to assume an increase in the metabolic demand 
in the more seriously ill patients with acute myocardial 
infarction. Approximately 80% of whole body VO; is 
used for oxidative phosphorylation, catalyzed by a mito- 
chondrial enzyme, cytochrome a,a3.? At an early stage 
of tissue injury induced by poor perfusion?? or anoxia,” 
the affinity of cytochrome a,a3 for oxygen increases and 
mitochondria uses more oxygen as a result of high ener- 
gy demand for tissue repair. This hyperoxidation of cy- 


tochrome a,a3 is mediated by the desaturation of hemo- 
globin (increased Pso) and requires a prolonged higher 
VQ). It is conceivable that, during the acute phase of 
myocardial infarction, such mitochondrial hyperoxida- 
tion may occur in the more seriously ill patients because 
a greater reduction in blood flow in these patients could 
induce peripheral tissue injury. The severity of tissue 
injury may be reflected by the magnitude of the com- 
pensatory increase in Psp. 
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Balloon Dilatation of Symptomatic Subacute 
Intimal Dissection Presenting as Restenosis 
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Repeat percutaneous transluminal coronary angio- 
plasty (PTCA) for subacute intimal dissections that 
produce symptoms after a period of 1 month or 
more is reluctantly performed for fear of extension 
and abrupt closure. Patients were identified with 
demonstrated intimal dissections (intimal contrast 
staining or frank intimal flap) at the time of initial 
PTCA who returned a mean of 17.5 weeks (range 
9 to 50) later with recurrent chest pain. Repeat an- 
giography revealed luminal compromise due to dis- 
section rather than restenosis in 22 patients. Of 
these, 17 underwent repeat PTCA. Elective bypass 
surgery without attempted PTCA was chosen in the 
other 5 patients because of extensive intimal dis- 
sections (^2 balloon lengths) or involvement of crit- 
ical branches. In the group of 17 patients who had 
repeat PTCA, 10 (group 1) had a frank intimal flap 
without persistent contrast staining after the initial 
PTCA, while 7 (group 2) had both persistent stain- 
ing and a flap. Successful PTCA was performed in 
13 of these 17 patients (7696). There were 2 
abrupt closures and 2 unsatisfactory luminal open- 
ings. One of these patients required urgent coro- 
nary bypass surgery. All 10 group 1 patients had 
successful repeat procedures versus only 3 of 7 
group 2 patients (p = 0.01). The 3 patients with 
the greatest degree of luminal compromise immedi- 
ately after the initial PTCA had failed repeat PTCA 
attempts. These results suggest that repeat PTCA 
for subacute intimal dissections presenting as re- 
stenosis can be successfully performed in selected 
patients, and that the presence of contrast staining 
and the degree of luminal compromise by the dis- 
section may be predictive of outcome. 

(Am J Cardiol 1989;64:980-984) 
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taneous transluminal coronary angioplasty (PTCA) 

correlate with an increased risk of acute closure, 
and emergency surgery is necessary when there is evi- 
dence of diminished blood flow distally.! However, lim- 
ited dissection with no coronary hemodynamic compro- 
mise is associated with excellent long-term results and a 
diminished risk of restenosis.^^ The topic of subacute 
dissection is not discussed in detail in studies of large 
numbers of patients with restenosis. Recently, Ellis et 
al? described a series of 308 patients studied angio- 
graphically for recurrence of cardiac symptoms pre- 
sumed due to restenosis. Four patients were noted to 
have healed intimal dissections. Healed dissections are 
commonly observed several weeks after PTCA in patho- 
logic studies, and may represent a normal aspect of the 
reparative process after arterial injury.? The factors that 
determine whether these dissections heal uneventfully or 
develop late extension with flow compromise are not 
known. The appropriate management of patients with 
persistent dissection after PTCA associated with recur- 
rent symptomatology remains speculative at this time. 
Ordinarily, one might hesitate to undertake repeat 
PTCA in this setting for fear of extending the dissection 
or causing acute closure. This report evaluates the re- 
sults of repeat PTCA in 17 selected patients with 
healed, subacute intimal dissections that caused symp- 
toms after an initial, apparently successful PTCA. 


[i dissections of the coronary arteries after percu- 


METHODS 

Patient population: Pertinent data for all patients 
undergoing PTCA between June 1984 and December 
1988 at Northwestern Memorial Hospital have been en- 
tered into a computerized database. All patients restud- 
ied for presumed restenosis at our institution were iden- 
tified and their cineangiograms were reviewed. 

Patients fulfilling the following criteria form the ba- 
sis of this report: (1) initially successful PTCA despite 
the presence of nonflow-limiting dissection (defined be- 
low); (2) symptomatic or noninvasive evidence of recur- 
rent ischemia at least 4 weeks after PTCA presumed to 
be due to restenosis and not to initially inadequate dila- 
tion; and (3) repeat angiography demonstrating signifi- 
cant luminal compromise at the site of the known, pre- 
viously documented dissection due to either a frank inti- 
mal flap (Figure 1A and B) or an extensive lesion with 
irregular borders at the site of the prior dissection (Fig- 
ure 1C and D). 


In this study, successful PTCA was defined as: (1) 
complete symptomatic improvement persisting for at 
least 4 weeks after PTCA; (2) no in-hospital complica- 
tions; and (3) angiographic improvement of at least 20% 
compared to the pre-PTCA stenosis. Luminal compro- 
mise after PTCA was defined as an angiographic per- 
cent luminal diameter narrowing of >50% or a loss of at 
least 50% of the initial improvement compared to the 
original PTCA. These definitions are commonly used 
when evaluating PTCA results.’ Patients were excluded 
if clinical signs and symptoms of recurrent ischemia oc- 


curred <4 weeks from the date of the PTCA, if patients 
underwent PTCA of bypass grafts and if patients had 
totally occluded vessels at initial presentation. 

An intimal dissection was defined as the angiograph- 
ic appearance of either a negative intraluminal radiolu- 
cency consistent with an intraluminal “flap” of intima 
or with persistent subintimal contrast staining. Persis- 
tent subintimal staining appears as an intramural streak 
of contrast, which remains apparent on the angiogram 
after the run-off of intraluminal contrast. A dissection 
was considered to be flow limiting based on clinical pa- 





FIGURE 1. Examples of the 2 types of subacute intimal dissections seen at the time of recurrence. (See text.) A, Post-PTCA 
result demonstrating a long, spiralling dissection. There is no significant luminal compromise or flow limitation. B, A persistent 
and extensive tear with apparent intraluminal flap compromising flow 6 months later at recurrence. The length and location of 
the flap correlate with that observed in Figure 2A. C, Another patient, after PTCA, demonstrates a less extensive dissection 
than in A and B. The location of the tear is distal to and is longer than the original lesion (not shown). D, A long, irregular lesion 
with hazy luminal wall definition, suggesting a partially healed dissection at recurrence. Note that the length of this obstruction 
approximates the area involved by the dissection in C, and in no way is similar to that of the original stenosis. 
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rameters of ischemia or if the number of cardiac cycles 
necessary for contrast to traverse the affected area was 
prolonged relative to other segments. 

Clinical and angiographic variables: Clinical char- 
acteristics recorded were age, gender, vessel involved 
and time interval between the first and second PTCA. 
Angiographic variables recorded included description of 
the lesion, presence of calcifications along the dilated 
vessel, collaterals to the threatened distal segment at the 
time of restudy and involvement of side branches. Inti- 
mal dissections visualized after the first PTCA, on the 
restudy angiogram or after the second PTCA were ana- 
lyzed as described below. The 2 groups of patients com- 
pared in this study were divided retrospectively on the 
basis of the angiographic findings. The balloon size used 
in both the first and second PTCA was also compared. 
The final clinical outcome of all patients was ascer- 
tained, and any complications including death, myocar- 
dial infarction and need for emergent or elective bypass 
surgery or repeat PTCA were noted. 

Angiographic analysis: The coronary angiogram ob- 
tained immediately after the first PTCA, the restudy 
angiogram and the angiogram performed immediately 
after the second PTCA were compared in all patients. 
A frame from each angiogram was manually traced af- 
ter magnification 2 to 4 times on a Vanguard XR-35. 
The view chosen in each patient was the angulation best 
presenting the most critical view of the stenosis, the re- 
sulting intimal dissection and the luminal borders. Im- 
ages chosen for analysis from the 3 separate angio- 
graphic studies (after initial PTCA, at restudy and after 
repeat PTCA) were selected to be as identical as possi- 
ble regarding angulation and phase of cardiac cycle. 
The entire length of the intimal dissection was drawn 
illustrating its endpoints as well as involved branches, 
which were used as points of reference. The area of con- 
trast staining was outlined as were points where the seg- 
ment exhibited the transition from normal to abnormal 
luminal borders. All segments were analyzed in chrono- 
logic order so as to assess interval changes between 
angiograms by 2 independent observers who were blind- 
ed to clinical outcome. 

The minimum luminal diameter was obtained by 
measuring the width of the vessel at its narrowest di- 
mension, and comparing it to the measured width of the 
diagnostic or guiding catheter on the angiogram with its 
actual dimension; thus, image magnification was cor- 
rected for by use of this catheter dimension ratio. Per- 
cent stenosis was similarly calculated using a contigu- 
ous, angiographically normal arterial segment. 
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Statistical analysis: The Prodas statistical software 
package was used in all statistical analyses. Compari- 
sons between discrete variables were performed using 
the Fischer exact test. Differences in normally distribut- 
ed variables between groups were compared using 2- 
sample f tests, whereas paired ¢ tests were used to com- 
pare differences in the same patients. 


RESULTS 

Clinical course: Twenty-two patients who fulfilled 
all entry criteria were identified. Five patients under- 
went successful elective bypass surgery. This mode of 
treatment was chosen in these 5 patients either because 
of multivessel involvement or because the length of the 
dissection was >2 balloon lengths and was considered 
too extensive or involved critical branches. The remain- 
ing 17 patients with a subacute intimal dissection un- 
derwent repeat PTCA, and the outcome of the repeat 
procedure is the subject of this study. 

Clinical characteristics: The average age of the 17 
patients was 59 + 8 years. There were 12 men and 5 
women. The interval between the first and second 
PTCA was 17.5 weeks (range 9 to 50). Nine left anteri- 
or descending, 3 left circumflex and 5 right coronary 
arteries were involved. There were 4 coronary segments 
with calcifications along the course of the dissection and 
area of repeat dilation. Five patients demonstrated col- 
laterals to the involved segment at the time of the sec- 
ond PTCA, and 6 demonstrated side branch involve- 
ment within the segment of dissection. There was no 
statistically significant relation to outcome with respect 
to age, gender, pain-free interval, artery involved, calci- 
fication within the lesion, existence of collaterals or side 
branches within the lesion. 

Analysis of results after first angioplasty: As re- 
quired by the entry criteria, all 17 patients had success- 
ful initial dilation, despite the appearance of an intimal 
dissection at the PTCA site (Figure 2). The 10 patients 
with angiographically proven intimal dissections mani- 
fested by negative intraluminal radiolucent densities 
consistent with an intraluminal flap without intimal 
contrast staining were defined as group 1. The remain- 
ing patients with both angiographic evidence of a flap 
and contrast staining comprised group 2. Two patients 
(both from group 2) had contrast staining at the time of 
recurrence of symptoms, and significantly, both had 
failed repeat PTCA. 

Results of repeat angioplasty: Thirteen of the 17 
patients were successfully redilated (76%); the resultant 
residual narrowing was <50% in each. The 4 unsuccess- 


FIGURE 2. Pertinent an- 
giographic findings and 
S= success PTCA results in the 17 
F= failure study patients according 
to group. 


contrast staining 


ful procedures were due to failure to cross the lesion (2 
patients), and no significant luminal improvement after 
the final balloon inflation (2 patients). No patient re- 
quired emergent bypass surgery due to acute closure. 
One patient, however, required bypass surgery within 
48 hours due to recurrent pain presumed to be caused 
by extension of the dissection. 

When the clinical outcome of repeat PTCA was an- 
alyzed according to patient group (Figure 2), all 10 
group 1 patients had a successful outcome, whereas only 
3 of 7 group 2 patients were successfully redilated (p = 
0.01). Whether or not contrast staining is apparent an- 
giographically is critically important. This is under- 
scored by the observation that all 8 patients who exhib- 
ited no staining after both PTCAs had successful out- 
comes versus only 1 success in the 4 patients with 
staining (Figure 2) after both PTCA procedures. 

When quantitative measures of angiographic success 
were analyzed, the results were similar. As illustrated in 
Figure 3, the percent stenosis was measured after each 
PTCA for both groups and compared to final outcome. 
There was no significant difference between groups | 
and 2 immediately after the first PTCA (43 + 10% vs 
44 + 18%) and at the time of recurrent angina (83 + 
11% vs 88 + 12%). Notably, the final result was better 
in group 1 (34 + 13%) than in group 2 (62 + 33%) (p 
— 0.06), reflecting the unsuccessful results in group 2. 
In addition, we emphasize that all 3 patients with the 
most luminal compromise immediately after the first 
PTCA due to the dissection ultimately had failed repeat 
PTCA. 

Extension of intimal dissection after successful re- 
peat angioplasty: The angiographic appearance of the 
dilatation site in the 13 patients with successful repeat 
PTCA varied. Three intimal dissections were no longer 
evident while 7 remained unchanged and 3 increased in 
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length. As shown in Figure 2, 11 of these 13 patients 
had no apparent contrast staining on the final angio- 
gram. 

Balloon size/luminal diameter ratio: The ratio of the 
maximum balloon size to the minimum luminal diame- 
ter was analyzed. The balloon size/luminal diameter ra- 
tio after the first PTCA of the final 13 successfully di- 
lated lesions was 0.96 + 0.2. During the second PTCA, 
the ratio in the success group was 0.97 + 0.2 and in the 
failed group (n = 2, only 2 could be crossed with the 
balloon) the ratio was 0.91 + 0.2 (difference not signifi- 
cant for both between groups and vs initial PTCA). 


DISCUSSION 

The short-term prognosis of flow-limiting intimal 
dissections in the immediate post-PTCA period has 
been well described.! However, the subacute and long- 
term course of intimal dissections, which are angio- 
graphically visualized, not flow limiting and managed 
conservatively, is not known. Based on anecdotal experi- 
ence, most dissections that do not close acutely or in the 
first few days after PTCA appear to heal with near nor- 
mal lumen borders. Occasionally, dissections give rise to 
persistent or recurrent symptoms despite this reparative 
process. There are no previously published studies dis- 
cussing the management of such patients. 

This study demonstrates that subacute healed inti- 
mal dissections that give rise to recurrent symptoms can 
be successfully redilated without compromise to flow or 
extension of the dissection in most patients. Further- 
more, failure of the repeat PTCA is probable if signifi- 
cant luminal compromise from the dissection at the 
time of the first PTCA and persistent intimal contrast 
staining are present. Our data favor a cautious attempt 
to redilate a previously dissected artery if the above fea- 
tures are not present. Interestingly, these findings ex- 
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| A FOR SUBACUTE INTIMAL DISSECTION 


tend the hypothesis that the more extensive, deeper and 
flow limiting the dissection, the poorer the outcome. 
Staining may indicate a deeper dissection, involving the 
intima and media.® In the study by Val et al, the pres- 
ence of contrast staining after PTCA-induced dissection 
predicted a higher rate of recurrent symptoms and re- 
stenosis. 

The results of this analysis must be viewed in light of 
the study limitations. It was our intent to investigate the 
outcomes of patients undergoing a second PTCA to 
manage a previously known PTCA-induced intimal dis- 
section. However, the decision for repeat PTCA or elec- 
tive surgery was made completely on clinical grounds, 
and not on the basis of specific selection criteria or pro- 
tocol. Furthermore, variables that distinguish patients 
likely to have a successful repeat PTCA were deter- 
mined retrospectively. As in all retrospective studies, 
there is always some question regarding post-hoc group- 
ing and analysis. However, this study involved the larg- 
est reported group of patients followed for >1 month 
with subacute intimal dissections after PTCA; thus we 
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believe that these limitations do not substantially affect 
our conclusions. 
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Prognostic Value of Atrial Pacing and 
Thallium-201 Scintigraphy in Patients 
with Stable Chest Pain 


Henry G. Stratmann, MD, Alexander L. Mark, MD, Kenneth E. Walter, MD, 
and George A. Williams, MD 


The value of atrial pacing and thallium-201 scintig- 


raphy for assessing risk of subsequent cardiac 
events was examined in 210 patients with stable 
chest pain. Follow-up information was complete in 
195 patients (mean age 61 years). Over an average 
follow-up of 19 months, cardiac events occurred in 
38 patients——unstable angina in 20, nonfatal acute 
myocardial infarction in 6 and death from cardiac 
causes in 12. A history of previous myocardial in- 
farction, diabetes mellitus, systemic hypertension 
or peripheral vascular disease at the time of pacing 
was not associated with an increased frequency of 
subsequent cardiac events. Six of 38 patients with 
later cardiac events had a history of congestive 
heart failure, compared with 8 of 157 without car- 
diac events (p <0.05). Neither pacing-induced angi- 
na, ST depression, nor the presence of a fixed per- 
fusion defect was significantly more frequent in pa- 
tients with cardiac events as a whole compared 
with patients without such events. Reversible de- 
fects and abnormal scans (reversible or fixed de- 
fects) were present, respectively, in 19 and 31 of 
38 patients with cardiac events, compared with 42 
and 79 patients, respectively, of the 157 patients 
without cardiac events (both p <0.01). In patients 
who developed unstable angina, a reversible defect 
was seen in 13 and an abnormal scan in 16 (both p 
«0.01 compared with patients without cardiac 
events). In 12 patients who died from a primary 
cardiac event, fixed defects were present in 8 and 
an abnormal scan in 11 (p «0.05 and p «0.01, re- 
spectively, compared with patients without cardiac 
events). No significant differences in thallium-201 
results were seen between patients with and those 
without subsequent nonfatal myocardial infarction. 
It is concluded that atrial pacing and thallium-201 
scintigraphy can provide prognostic information 
concerning risk for future cardiac events. The pres- 
ence of a reversible perfusion defect, in particular, 
identifies patients at increased risk. 

(Am J Cardiol 1989;64:985—990) 


method for evaluating the risk of future cardiac 

events in patients with known or suspected coro- 
nary artery disease (CAD). The test can provide useful 
prognostic information in asymptomatic patients, in 
those with stable angina pectoris, and also after myocar- 
dial infarction, coronary artery bypass grafting or coro- 
nary angioplasty." Addition of imaging techniques 
such as thallium-201 scintigraphy may provide further 
useful information.5-!? Some patients, however, are able 
to perform only limited exercise due to noncardiac limi- 
tations. In such patients, atrial pacing has been used to 
assess the presence of CAD and to evaluate the effects 
of therapeutic interventions such as coronary artery by- 
pass grafting and coronary angioplasty.!^?! However, 
with the exception of patients with recent myocardial 
infarction,22? the use of this test for assessing risk of 
future cardiac events has not been reported. We evalu- 
ated the usefulness of atrial pacing and thallium-201 
scintigraphy for predicting occurrence of future cardiac 
events in patients with stable chest pain. 


F xercise stress testing has proven to be a useful 


METHODS 

Patients: The study group consisted of 210 patients 
(208 men, 2 women) referred to the Department of 
Cardiology at the St. Louis Veterans Administration 
Medical Center from February 1983 through June 
1988 for evaluation of known or suspected CAD. All 
patients had stable chest pain at the time of evaluation 
that was either atypical or typical for angina pectoris. 
All patients were limited or expected to be limited in 
their exercise capacity during exercise treadmill testing 
by a variety of noncardiac factors, including marked 
obesity, generalized weakness, lower extremity problems 
(degenerative joint disease, old amputations, peripheral 
vascular disease and so on) or chronic obstructive 
pulmonary disease. Exclusion criteria included (1) a 
rhythm other than sinus; (2) myocardial infarction or 
unstable angina <3 months before entry into the study; 
(3) severe valvular disease; or (4) uncontrolled conges- 
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tive heart failure. Informed consent was obtained before 
all procedures. 

Atrial pacing: All antianginal medications except for 
sublingual nitroglycerin were withheld for 12 to 24 
hours before atrial pacing. Percutaneous puncture of an 
antecubital, internal jugular or femoral vein was per- 
formed under local anesthesia. Using the Seldinger 
technique, a 5 or 6Fr bipolar pacing catheter was then 
advanced into the right atrium under fluoroscopic direc- 
tion. The catheter was positioned to obtain stable pacing 
at a minimum threshold of <3 mA. Immediately before 
the test was begun, the heart rate and blood pressure 
were measured at rest, and a baseline 12-lead electro- 
cardiogram was obtained. Atrial pacing was then start- 
ed at a rate 20 beats/min higher than the heart rate at 
rest, and was increased by 10 beats/min every 2 min- 
utes. Endpoints for the pacing study included (1) 
achievement of at least 85% or, if possible, 100% of the 
age-predicted maximal heart rate (220 minus the pa- 
tient's age in years); (2) horizontal or downsloping ST 
depression >3 mm in any lead; (3) severe chest pain 
similar in nature to the patient's usual chest pain; or (4) 
development of atrial fibrillation or flutter. Atropine 
(0.75 to 1.0 mg intravenously) was given if Mobitz type 
I AV nodal block occurred before any of these end- 
points was reached. Blood pressure was measured, 
symptoms were recorded and a 12-lead electrocardio- 
gram was obtained at the end of each 2-minute stage. 
These were repeated immediately after pacing was 
stopped, and again 1, 3 and 6 minutes later. 

Baseline electrocardiograms were examined for the 
presence of Q waves consistent with previous myocardi- 
al infarction. Electrocardiograms obtained during and 
immediately after pacing were examined for ST depres- 
sion. The test result was considered to be positive for 
ischemia if horizontal or downsloping ST depression 2 1 
mm occurred during or immediately after pacing, and 
was present for at least 3 consecutive beats. Upsloping 
ST depression Z1 mm at 0.08 second after the J point 
also was considered to indicate ischemia. In patients re- 
ceiving digitalis, or in those with electrocardiographic 
evidence of left bundle branch block or left ventricular 
hypertrophy, development of ST depression Z1 mm was 
considered to be indeterminate for ischemia. All electro- 
cardiograms were interpreted without knowledge of the 
results of other tests. 

Thallium-201 scintigraphy: Thallium-201 (2 mCi) 
was given intravenously after 2 minutes of pacing at the 
peak pacing rate achieved. Pacing was stopped after an 
additional 2 minutes of pacing at this rate. Myocardial 
imaging was started within 5 to 10 minutes after pacing 
ended (immediate imaging), and was repeated 3 to 4 
hours later (delayed imaging). Imaging was performed 
using a Picker Dyna-Mo portable gamma scintillation 
camera. Anterior, left anterior oblique (45 and 60?) 
and left lateral views were obtained, with 400,000 
counts acquired for each view. Background subtraction 
(uniform 1596) was performed on all scans. Images were 
reviewed by 2 experienced observers not aware of the 
results of atrial pacing or coronary angiography. Inter- 
pretations were qualitative, with no quantitative tech- 
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niques used. Immediate and delayed planar images 
were compared to identify the presence of a reversible 
perfusion defect (partial or complete resolution of a de- 
fect seen on the immediate postpacing scans) or fixed 
perfusion defect (no change between the immediate and 
delayed scans). 

Clinical information and follow-up: Before atrial 
pacing and thallium-201 scintigraphy, all patients were 
interviewed, and hospital and physician records were re- 
viewed to obtain a baseline clinical profile. Information 
recorded included history of previous myocardial infarc- 
tion, coronary angiography or coronary revasculariza- 
tion, or history of congestive heart failure, diabetes 
mellitus, systemic hypertension or peripheral vascular 
disease. [In patients who had previously undergone coro- 
nary angiography, the presence or absence of significant 
CAD (21 narrowings 250%) was noted. 

Follow-up information was obtained by a review of 
subsequent hospital and physician records and, when 
possible, by direct patient interviews. Patients were con- 
sidered to be lost to follow-up if complete medical infor- 
mation was not available for at least 6 months after the 
pacing study, unless the patient died within this period. 
In all patients not lost to follow-up, complete informa- 
tion was obtained regarding postpacing coronary angi- 
ography or revascularization procedures, death from 
noncardiac causes or occurrence of cardiac events. Cor- 
onary angiography, coronary artery bypass surgery or 
coronary angioplasty performed within 2 months after 
the pacing study was considered an "early" procedure, 
while those procedures done 72 months after the pac- 
ing study were considered "late." The specific cardiac 
events examined were development of unstable angina, 
occurrence of a nonfatal myocardial infarction or death 
due to a primary cardiac cause. Patients were consid- 
ered to have had unstable angina or nonfatal myocardi- 
al infarction only if either diagnosis was confirmed be- 
fore hospital discharge based on a compatible clinical 
presentation and diagnostic evaluation (e.g., 12-lead 
electrocardiogram, cardiac enzymes, coronary angiogra- 
phy and so forth). Deaths occurring during the follow- 
up period were classified as cardiac or noncardiac based 
on a review of hospital records, death certificates or 
both. Patients who died suddenly shortly after experi- 
encing a known or suspected myocardial infarction, and 
those who died unexpectedly without an identified non- 
cardiac cause of death were considered to have experi- 
enced cardiac death. 

Statistical methods: Statistical analysis of discrete 
variables was performed using chi-square or Fisher’s ex- 
act test. Continuous variables were compared using the 
Student ¢ test (2-tailed). Differences of p «0.05 were 
considered significant. 


RESULTS 

No significant complications occurred during any 
atrial pacing study. Two patients developed transient, 
asymptomatic atrial fibrillation at the completion of 
their pacing study. In 67 patients, administration of at- 
ropine was required to achieve a peak pacing rate be- 
tween 85 and 100% of their age-predicted maximal 












Mean age (yrs) 


Mean follow-up period (mos) 
Previous myocardial infarction 22 
Cardiac catheterization before 38 
atrial pacing study 
CAD present 35 
CAD absent 3 
Previous coronary bypass surgery 16 
Previous coronary angioplasty 0 
History of congestive heart failure 8 
History of diabetes mellitus 30 
History of systemic hypertension E 





History of peripheral vascular disease 


heart rate. With only 1 exception, none of the patients 
studied had a significant cardiac complication after cor- 
onary angiography or a revascularization procedure. 
This patient, who had ST depression 21 mm in 7 elec- 
trocardiographic leads and reversible perfusion defects 
during atrial pacing, and proximal occlusion of both the 
right coronary and left anterior descending arteries, 
died suddenly within 24 hours of coronary angiography. 

Of the 210 patients who underwent atrial pacing and 
thallium-201 scintigraphy, 15 were lost to follow-up due 
to geographic relocation. The mean age of the remain- 
ing 195 patients was 61 years (range 34 to 78), and the 
mean period over which postpacing information was 
available for all patients was 19 months (range 1 to 64). 
Information on all patients who did not die during the 
follow-up period was available for at least 6 months af- 
ter the pacing study. 

Cardiac events and mortality: Cardiac events oc- 
curred in 38 patients during follow-up. Unstable angina 
occurred in 20 patients, 6 had nonfatal myocardial in- 
farctions and 12 died from a primary cardiac event. 
Death from noncardiac causes (malignancy, accidents, 
respiratory failure and so forth) occurred in 14 patients. 
The mean follow-up period in these latter patients was 
10 months (range 1 to 30), and none experienced a non- 
fatal cardiac event after their atrial pacing study. 

Clinical characteristics: Baseline clinical informa- 
tion for the 195 patients followed for subsequent cardiac 
events is listed in Table I. Of the 53 patients who had 
undergone coronary angiography before their pacing 
study, 26 had angiography performed either immediate- 
ly before, or within 1 month of the pacing study. All 3 
patients with normal coronary arteries or insignificant 
CAD had their pacing study done at the same time as 
angiography. Of the clinical characteristics compared, 
only the presence of CAD by coronary angiography and 
a history of congestive heart failure were significantly 
more frequent in patients who subsequently had a cardi- 
ac event (p «0.05). 

Coronary angiography and revascularization after 
pacing: Coronary angiography was performed within 2 
months (“early”) after the pacing study in 28 patients, 
and Z2 months (“late”) after pacing in 17. One patient 


TABLE I Clinical Characteristics of Patients Followed After Atrial Pacing and Thallium-201 Scintigraphy 


No Cardiac Event 


* p «0.05 vs patients without cardiac events. 
CAD = coronary artery disease. 
















Cardiac Event 
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7 23 
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had coronary angiography performed twice, at 2 weeks 
and 9 months after the pacing study. In all, significant 
CAD was present in 36 patients, and either no or insig- 
nificant CAD in 8. Eleven patients with cardiac events 
had angiography performed 22 months after their pac- 
ing study, compared with 6 patients without cardiac 
events (p <0.01). Significant CAD was present in all 15 
patients with cardiac events who underwent angiogra- 
phy after pacing, compared with 21 of 29 without cardi- 
ac events (p <0.05). Only 1 patient had coronary angi- 
ography both before and after his pacing study; similar 
findings (significant 2-vessel CAD) were noted during 
both catheterizations. 

Fifteen patients had coronary revascularization pro- 
cedures performed after their pacing study. None had 
previously undergone bypass surgery or angioplasty. 
“Early” revascularization was performed in 10 patients. 
Coronary artery bypass surgery was carried out in 8 of 
these patients (1 of whom had a subsequent cardiac 
event), and angioplasty was performed in 2 (1 of whom 
had a subsequent cardiac event). “Late” revasculariza- 
tion was done in 5 patients—bypass surgery in 2 and 
angioplasty in 3. All 5 patients had a subsequent cardi- 
ac event. One patient underwent both angioplasty and 
bypass surgery during the follow-up period. Perfor- 
mance of a “late” angioplasty was significantly more 
frequent in patients who had a cardiac event (p <0.05). 
No significant differences were seen between patients 
with and those without cardiac events regarding perfor- 
mance of coronary bypass surgery. 

Atrial pacing and thallium-201 scintigraphy: Tables 
II and III relate the results of atrial pacing and thalli- 
um-201 scintigraphy to subsequent cardiac events. 
There were no significant differences between patients 
with or without cardiac events regarding occurrence of 
pacing-induced angina or ST depression alone. In pa- 
tients with cardiac events as a whole, reversible perfu- 
sion defects, abnormal scans (2-1 fixed or reversible seg- 
mental defects) or ST depression Z1 mm with a revers- 
ible defect were all significantly more frequent than in 
patients without cardiac events. Of the total group of 
195 patients, a reversible defect was seen in 61, and 19 
of these patients had a subsequent cardiac event (31%). 
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TABLE ll Relation of Baseline Electrocardiographic Findings and Atrial Pacing Results to Occurrence of Subsequent Cardiac 


Events 


All Patients 


(n = 195) (n = 157) 


Baseline electrocardiogram 
Q wave 
LBBB or LVH 
Atrial pacing 
Angina 
Electrocardiogram 
Positive for ischemia 
Negative 
Indeterminate 


No Cardiac Event 


Cardiac Event 
Unstable Nonfatal 
Angina 

(n = 20) 


LBBB = left bundle branch block; LVH = left ventricular hypertrophy; MI = myocardial infarction. 


An abnormal scan was seen in 110 patients, and 31 had 
a subsequent cardiac event (28%). Conversely, 78 of the 
85 patients (92%) with normal thallium-201 scans did 
not experience a cardiac event. Significant differences 
were also found regarding the results of thallium-201 
scintigraphy when subgroups of patients with cardiac 
events—unstable angina, nonfatal myocardial infarction 
or cardiac death—were compared with those without 
such events. The presence of a reversible segmental de- 
fect was significantly more frequent (p <0.01) only in 
patients who developed unstable angina, whereas fixed 
defects were significantly more frequent only in patients 
who experienced cardiac death (p <0.05). An abnormal 
thallium-201 scan was seen in 16 of 20 patients who 
developed unstable angina and 11 of 12 who died from 
a cardiac event (both p <0.01 compared with patients 
without cardiac events). Patients who developed nonfa- 
tal myocardial infarctions did not demonstrate a statisti- 
cally significant increased occurrence of reversible or 
fixed defects. 


DISCUSSION 

Exercise stress testing is a well-established method 
for noninvasively assessing the presence and prognostic 
significance of CAD.!? In patients with stable chest 
pain, a variety of clinical and electrocardiographic ob- 
servations during exercise testing have been used to as- 
sess risk for subsequent cardiac events. Duration of ex- 
ercise, peak workload achieved, degree and number of 
electrocardiographic leads with ST depression, may all 
be used to help assess cardiac prognosis. Addition of 
thallium-201 scintigraphy to the exercise test also pro- 
vides prognostic information, with a higher incidence of 
subsequent cardiac events (such as cardiac death) noted 
in patients with abnormal perfusion scans compared 
with those with normal scans.5-!? 

In some patients, however, noncardiac limitations 
such as deconditioning, obesity or lower extremity prob- 
lems may limit or preclude performance of an exercise 
stress test. Dipyridamole administration combined with 
thallium-201 scintigraphy, radionuclide ventriculog- 
raphy or 2-dimensional echocardiography, or atrial pac- 


988 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 





ing with or without these imaging modalities, have been 
most extensively investigated as alternatives to exercise 
testing for assessing the presence of CAD.!>:!774-27 Atri- 
al pacing, like exercise testing, increases both heart rate 
and myocardial oxygen demand. Unlike exercise test- 
ing, however, atrial pacing produces little or no change 
in systolic blood pressure, and the peak double product 
(heart rate multiplied by systolic blood pressure) 
achieved tends to be higher during exercise testing than 
during atrial pacing.'^-!7 The sensitivities of pacing-in- 
duced angina, ST depression or perfusion defects during 
thallium-201 scintigraphy for detecting the presence of 
CAD have generally been reported to be similar to or 
slightly less than those associated with exercise stress 
testing.!^?! However, atrial pacing has certain disad- 
vantages relative to exercise testing. Because pacing 
produces hemodynamic responses different from exer- 
cise, some variables known to have prognostic value 
with exercise testing (particularly exercise duration, 
peak heart rate achieved and blood pressure response) 
cannot be used. Also, atrial pacing cannot be performed 
in patients with atrial fibrillation, or in patients with 
significant impairment of AV nodal conduction unre- 
sponsive to atropine. In the usual method for perform- 
ing atrial pacing, the test is invasive, requiring transven- 
ous placement of a pacing catheter under fluoroscopic 
or electrocardiographic direction. However, increased 
availability of equipment for performing transesophage- 
al pacing using a swallowed “pill” electrode may par- 
tially obviate this disadvantage.?^?? 

Relatively few previous reports have evaluated the 
value of dipyridamole imaging or atrial pacing in pre- 
dicting risk of subsequent cardiac events in patients 
with known or suspected CAD. Leppo et al?? evaluated 
5] patients with predischarge dipyridamole-thallium- 
201 imaging after acute myocardial infarction, and 
found that development of a reversible defect was asso- 
ciated with increased risk for subsequent cardiac death, 
reinfarction and readmission for control of angina. In 
patients evaluated for cardiac risk before vascular sur- 
gery, development of a reversible defect during dipyrid- 
amole-thallium-201 imaging also has been shown 


All Patients 


(n = 195) (n = 157) 


Reversible defect 
Reversible defect and 
positive ECG result 
Fixed defect 
Reversible and fixed defects 
Abnormal scan 


* p <0.01 vs patients without cardiac events; t p <0.05. 
ECG = electrocardiogram; MI = myocardial infarction. 


to predict increased risk for postoperative cardiac 
events.!72629.30 Tzivoni et al?? performed predischarge 
atrial pacing and low-level exercise treadmill testing in 
111 patients younger than 70 years who survived an 
acute myocardial infarction and did not have congestive 
heart failure or postinfarction angina. During a mean 
follow-up period of 15 months, pacing-induced ST de- 
pression was found to have a higher predictive value 
(20%) for occurrence of a subsequent cardiac event 
(cardiac death, reinfarction) than submaximal treadmill 
testing (13%, p «0.05). These same investigators also 
performed predischarge atrial pacing in 77 patients hos- 
pitalized with acute myocardial infarction who did have 
predischarge angina, congestive heart failure or who 
were older than 70 years.” Ischemic ST depression oc- 
curred in 60% of these patients. Over a mean follow-up 
of 15 months, 6 patients with positive pacing studies 
had another myocardial infarction and 10 died, com- 
pared with no recurrent myocardial infarctions and 4 
deaths in patients with negative pacing studies. 

In our study population of middle-aged and older, 
predominantly male patients with stable chest pain, oc- 
currence rates of pacing-induced angina, ST depression 
<1 mm or ST depression Z1 mm were not found to be 
significantly different in patients with postpacing cardi- 
ac events compared to those without such events (Table 
II). Conversely, reversible defects and abnormal thalli- 
um-201 scans were significantly more frequent in pa- 
tients with cardiac events (Table III). Koss et al,® re- 
viewing the results of exercise testing and thallium-201 
scintigraphy in 515 patients, found that 5.8% of patients 
with abnormal thallium scans died during follow-up 
compared with 0.3% of those with normal scans (p 
<0.001). Our own results were similar, with 11 of 110 
(1096) patients with abnormal scans dying from a cardi- 
ac event, compared with 1 of 85 (196) patients with nor- 
mal scans (p <0.01). These same investigators did not 
find a significantly increased incidence of abnormal 
thallium-201 scans in patients who had a nonfatal myo- 
cardial infarction, and this too was similar to our find- 
ings. Iskandrian et al,’ studying “elderly” patients (ages 
60 years or older) with exercise testing, saw abnormal 
thallium-201 scans in 17 of 18 (94%) patients who ex- 
perienced subsequent cardiac events (defined in that 
study as cardiac death or nonfatal myocardial infarc- 


No Cardiac Event 


Cardiac Event 


Unstable 
Angina 





tion), compared with 204 of 386 (53%) patients without 
cardiac events (p <0.001). In our study, 15 of 18 (83%) 
patients with nonfatal myocardial infarction or cardiac 
death had abnormal scans, compared with 79 of 157 
(50%) patients without either of these 2 cardiac events 
or unstable angina (p <0.01). 

In summary, previous reports have indicated that 
atrial pacing with thallium-201 scintigraphy can be 
used to diagnose the presence of CAD in patients with 
stable chest pain. As our study shows, the combined use 
of these 2 tests also can provide information regarding 
risk of future cardiac events. 
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Fourteen-week, open-label, crossover trial to compare the efficacy and dose 
equivalency of nifedipine capsules (weeks 1 and 2) versus PROCARDIA XL 
(weeks 3-14) in 98 patients with chronic stable angina who had been on 
nifedipine capsules at least one month prior to the study. Ninety-one patients 
remained on other antianginal medications throughout the study; the majority 
were on beta blockers and/or nitrates. 
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Nifedipine capsule adverse experiences as reported in package insert compared with PROCARDIA XL data obtained from multiple controlled trials in 
patients with angina. Patients received nifedipine capsules (n = 226) in doses of 30-180 mg/day or PROCARDIA XL (n = 172) in doses of 30-150 mg/day. (Data 
on file. Medical Department, Pfizer Laboratories, Pfizer Inc.2 


Direct comparison of the frequency of occurrence of these adverse experiences to that reported with PROCARDIA XL 
is difficult as these data were not obtained from controlled studies comparing the two formulations. 


e No significant changes in heart rate! 


e The most common side effects are peripheral edema, which is not associated with 
fluid retention, and headache 


In controlled trials of 776 patients with PROCARDIA XL, 
edema resulted in discontinuation of therapy in 2.796 of patients.? 
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Carcinogenesis, Mutagenesis, Impairment of Fertility: Nifedipine was administered orally to rats, for two yan and was not shown to 
be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose approximately 30 times the maximum 
recommended human dose. /n vivo mutagenicity Studies were negative. E. i J 
Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats when given in doses 30 times the maximum 
recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decreased fetal weight, increased stunted forms 
increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum recommended 
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underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation of P nancy. There 
are no adequate and well controlled studies in pregnant women. PROCARDIA XL* (nifedipine) Extended Release Tablets should be used 
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WARNINGS: Excessive Hypotension: Although in most angina patients the hypotensive effect of nifedipine is modest and well tolerated, 
occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial titration 
or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant beta blockers. 
re hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together with a 

beta-blocking agent who underwent coronary artery bypass surgery using high dose NUM The interaction with high dose 
fentanyl appears to be due to the combination of nifedipine and à beta blocker, but the possibility that it may occur with nifedipine alone in preg PRC 
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to surgery. Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side effect 

The following information should be taken into account in those patients who are being treated for hypertension as well as angina; reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approximately 10% to about 30% at the 
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ase, have developed well documented increased frequency, duration and/or severity of angina or acute myocardial infarction on starting 
nifedipine or at the time of dosage increase. The mechanism of this effect is not established. - l 
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Digitalis: Administration of nifedipine with digoxin increased digoxin levels in nine of twelve normal volunteers. The average increase 
was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary ele disease. In an uncontrolled 
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Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagulants to 
whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak Tg plasma levels (80%) and area-under- 
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highest dose studied (180 mg). Other common adverse experiences reported in placebo-controlled trials include: headache (15.8%, 
compared to 9.8% placebo incidence), fatigue (5.9%, compared to 4.1% placebo incidence), dizziness (4.1%, compared to 4.5% placebo 
incidence), constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3%, compared to 1.9% placebo incidence). Of 
these, only edema and headache were more common in PROCARDIA XL patients than placebo patients. E. 

The following adverse reactions occurred with an incidence of less than 3.0%. With the exception pel cramps, the incidence of these 
side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain; cardiovascular: palpitations; central 
nervous system: insomnia, nervousness, paresthesia, somnolence; dermatologic: pruritus, rash; po abdominal pain, 
diarrhea, dry mouth, dyspepsia, flatulence: musculoskeletal: arthralgia, leg cramps. respiratory: chest pain (nonspecific), dyspnea: 
urogenital: impotence, polyuria. kat l , 

er adverse reactions were reported sporadically with an incidence of 1.0% or less. These include: body as a whole/systemic: face 
edema, fever, hot flashes, malaise, periorbital edema, rigors; cardiovascular: VEMM. ced increased angina, tachycardia, 
syncope; central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, hypoesthesia, migraine, paroniria, tremor, 
vertigo; dermatologic: a increased sweating, urticaria, purpura; gastrointestinal: eructation, gastroesophageal reflux, gum 
hyperplasia, melena, vomiting, weight increase; musculoskeletal: back pain, gout, myalgias; respiratory: coughing, epistaxis, upper 
respiratory tract infection, respiratory disorder, sinusitis; special senses: abnormal facrimation, abnormal vision, taste perversion, 
tinnitus; urogenital/reproductive: breast pain, dysuria, hematuria, nocturia. oe l 

avon experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 
medications. 

In multiple-dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported spontaneously, 
adverse effects were frequent but generally not serious and [Nep required discontinuation of therapy or cow adjustment. Most were 
expected consequences of the vasodilator effects of Procardia. Adverse experiences reporna in placebo-controlled trials include: dizzi- 
ness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence); flushing, heat sensation (2596, compared to 8% 
placebo incidence); headache (23%, compared to 20% placebo incidence); weakness (12%, compared to 10% placebo incidence); 
nausea, heartburn (11%, compared to 8% placebo incidence); muscle cramps, tremor (8%, compared to 3% placebo incidence 
peripheral edema (7%, compared to 1% placebo incidence); nervousness, mood changes (7%, compared to 4% placebo incidence 
palpitation (7%, compared to 5% placebo incidence): dyspnea, cough, and wheezing (6%, compared to 3% placebo incidence); and 
nasal congestion, sore throat (6%, compared to 8% placebo incidence). 

There iS also a large uncontrolled experience in over 2100 patients in the United States. Most of the patients had vasospastic or 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively common 
adverse events were similar in nature to those seen with PROCARDIA XL. l l 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction occurred in about 4% 
of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction disturbances each 
occurred in fewer than 0.5% of patients. —— des l 

In a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker therapy the pattern and incidence of adverse 
experiences was not different from that of the entire group of Procardia treated patients (See PRECAUTIONS.) —— 

na sub m of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or lightheaded- 
ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 20 patients. 
ncone occurred in approdmately one patient in 250. Myocardial infarction or symptoms of 1^ heart failure each occurred in 
about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 150. 
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Endomyocardial biopsies from 174 patients with 


dilated cardiomyopathy (DC) were examined. Eight 
patients with histologically proven myocarditis 
were excluded from the study. A peculiar pattern of 
oversized and bizarre nuclei was observed in only 
some of the remaining patients. Two groups were 
identified: those with and without this feature 
(groups A and B, respectively). Myocyte width, 
nuclear diameter and nuclear/sarcoplasmic ratio 
were significantly higher in group A. The mean re- 
spective values were 36 + 5 yu, 14 + 3 u and 0.41 
+ 0.08 for group A versus 20 + 8 uy, 7 + 2 u and 
0.37 + 0.08 for group B. Interstitial fibrosis was 
similarly present in groups A and B. Endocardial 
thickness was significantly increased in all patients, 
with group A showing the highest mean value. The 
morphologic features showed no correlation with 
the clinical condition of the patients at time of 
presentation. 

HLA typing was performed in 50 consecutive 
patients, 38 from group A and 12 from group B. 
DR4 and DRS antigens were significantly more fre- 
quent in DC patients than in a normal population 
control (400 blood donors), while DR3 was less fre- 
quent. Group A was more strongly associated with 
the DR5 antigen than group B (55.3 vs 25.0%, re- 
. spectively). It was less strongly associated with the 
DR4 antigen compared with group B (21.5 vs 
41.796, respectively). No difference was observed 
between the 2 groups concerning negative associa- 
tion with the DR3 antigen. 

Endomyocardial biopsies from DC patients re- 
veal marked morphologic changes from patient to 
patient. The histopathologic identification of 2 dis- 
tinct DC groups with different HLA marker associ- 
ations suggests that immune-response genetic fac- 
tors may play a role in the histopathologic expres- 
sion of the disease. 

(Am J Cardiol 1989;64:991-995) 
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disorder of unknown origin with polymorphic 

clinical expression. The histopathologic findings 
in endomyocardial biopsies of patients with DC, such as 
myocyte hypertrophy and degeneration, interstitial fi- 
brosis and increased endocardial thickness, are nonspe- 
cific and common to many other disorders causing heart 
failure.!-^ The relatively simple structure of the myocar- 
dium and its limited range of responses to a wide variety 
of insults have been suggested to account for this lack of 
diagnostic specificity. However, recent ultrastructural 
studies indicate that morphologic features and morpho- 
metric indexes of nuclei can add some diagnostic infor- 
mation suggestive of the disease.6" Genetic factors have 
been suggested to play a role in the pathogenesis of DC. 
Some HLA antigens have been shown to occur more 
frequently in DC patients, but discrepancies exist 
among different studies.*-!° No attempt has so far been 
made to relate morphologic features to a particular 
HLA polymorphism. The aim of our study was to 
search for histopathologic features that could be highly 
suggestive of DC, and to correlate morphologic data 
with HLA markers. 


METHODS 

Study population: DC was clinically diagnosed in a 
consecutive series of 184 patients from January 1985 to 
June 1988, in the Cardiology Department of the Poli- 
clinico San Matteo. All patients fulfilled the World 
Health Organization criteria for the diagnosis of idio- 
pathic dilated cardiomyopathy.!! Ten patients were ex- 
cluded because of inadequate biopsy samples. Of the 
remaining 174 patients, 137 were male and 37 female, 
with a mean age of 41 + 11 years (range 17 to 60). 
Eight additional patients were subsequently excluded 


DE cardiomyopathy (DC) is a heart muscle 
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TABLE I Clinical Data of 166 Patients with Dilated 
Cardiomyopathy 


NYHA Class 
Duration of 


Pts Sex ————— 
(n (M/F) I| I| IV Disease (mo) 


GroupA 114 94/20 40x10 5 34 35 40 33433 
Range 21—59 1-180 
Group B 44111 6 25 11 10 16428 
Range 17—60 1-132 

Total 166 134/32 42410 11 59 46 50 


All + data are mean + standard deviation. 
NYHA = New York Heart Association. 


52 40/12 


TABLE Il Histologic Examination of Endomyocardial Biopsy 


Samples Using Morphometric Quantitative Data 


Myocyte 

Diameter Nuclear End 

— Size N/S Ratio Thickness 

(n) w) (u) (%) (u) 
GroupA 114 3645 1443 0.41 +0.08 54441 
Group B 52 20+8 7 X2 0.37 +0.08 32r45 
Total 166 3149 12244 0.404+0.08 47443 


End = endocardial; N/S ratio = nuclear /sarcoplasmic ratio. 


because of histologically proven myocarditis. Right ven- 
tricular endomyocardial biopsy was performed via the 
right internal jugular vein using the Caves-Schultz biop- 
tome, according to the standard Stanford technique. 
Samples of 1.5 to 3 mm? were obtained, taking care to 
reproduce the same sampling site, which was the apical 
portion of the right interventricular septum. 

Histologic examination: Four samples were routine- 
ly processed for light microscopy and embedded in a 
single paraffin block. Fifty serial sections were cut from 
each block and stained at 6 levels of cutting depth with 
hematoxylin-eosin and Masson trichrome. We then 
evaluated the following histopathologic features: myo- 
cyte width: the diameter of each myocyte was calculat- 
ed in longitudinally cut cells by measuring the distance 
across the cell at the nuclear level. At least 40 myocytes 
from each biopsy were measured; they were selected in 
areas free from artificially caused contraction bands. 
The values were then averaged to obtain the mean for 
each patient. More than 90% of measured cell diame- 
ters for a single patient were within 5 „u of the mean in 
hypertrophic myocytes (>20 u) and within 3 u of the 
mean in nonhypertrophic myocytes («20 y). Less than 
20 u was conventionally taken as the upper normal lim- 
it^!?; nuclear diameter, measured in the same cells used 
for sarcoplasma size measurement; nucleus/sarcoplas- 
ma ratio; oversized, irregularly shaped nuclei; hypotro- 
phy or degeneration, considered when myocyte diame- 
ter was <10 u and degenerative features of nuclei and 
sarcoplasma were present; /ysis of contractile filaments, 
evaluated in myocytes free from contraction bands; dif- 
fuse and focal interstitial fibrosis: this was qualitatively 
judged and considered abnormal when unrelated to the 
fibrous myocardial network; endocardial thickness, 
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TABLE Ill Histologic Examination of Endomyocardial Biopsy 
Samples Using Morphologic Qualitative Analysis 


Total 
(n= 166) 
% (n) 


69 (114) 


(n= 52) 
% (n) 


100 (114) 0 
62 (71) 36 (19) 
69 (79) 42 (22) 
68 (78) 44 (23) 
53 (60) 56 (29) 
25 (29) 29 (15) 


Abnormal nuclei 
Lysis 
Hypotrophy 
Diffuse fibrosis 
Focal fibrosis 
Granulation 
tissue foci 
Lymphocytes 
Macrophages 
Endocardial fibrosis 
Endocardial elastosis 
Endocardial thrombi 
Endocardial smooth 
muscle cells 


48 (55) 
50 (57) 
84 (96) 
14 (16) 
2 (2) 
69 (79) 


42 (22) 

50 (26) 

38 (20) 
2 (1) 
3 (2) 


27 (14) 56 (93) 


Percents are given with respect to the total number of patients in the specific group; 
the absolute number of patients in which each feature was observed is in parenthe- 
ses. 





measured at 20 different levels in correctly oriented sec- 
tions: the mean value was considered, and the presence 
of groups of smooth muscle cells was evaluated; and 
immunohistochemical typing of interstitial cells was 
performed on paraffin sections consecutive to those 
stained with hematoxylin-eosin and Masson trichrome. 
The slides were deparaffinized and brought to phos- 
phate-buffered 0.15 M saline pH 7.4. The endogenous 
peroxidase activity was blocked with 3% H202. The sec- 
tions were incubated overnight with monoclonal anti- 
bodies diluted 1:50. The immunohistochemical tests 
were performed with the peroxidase-antiperoxidase 
method!3 or the Streptavidin-biotinylated peroxidase 
(Amersham International) technique.!^ Diaminobenzi- 
dine tetrahydrochloride was used as chromogen. Each 
slide was counterstained with Gill's hematoxylin. Con- 
trol tests were performed by omitting the primary se- 
rum. Antibodies against lymphocyte common antigen 
(DAKOPATTS) were used for lymphocyte detection, 
antibodies against factor VIII-related antigen were used 
for endothelial cells and HLA-DR antibodies were used 
for macrophages (Biotest). 

Genetic study: HLA class I and II (A, B, C, DR 
and DQ) antigene typing was performed on peripheral 
lymphocytes using the microlymphocytotoxicity assay 
described by Terasaki et al.!> Fifty consecutive patients 
with DC (43 men and 7 women) were tested. Four hun- 
dred healthy blood donors were randomly selected as 
control group (322 men and 78 women, mean age 38 + 
10). Antigen frequencies found in DC patients were 
compared with those of the control population. 

Statistical analysis: Data are presented as mean + 
standard deviation. The 2-sample ¢ test for unpaired 
data and the correlation coefficient were used for com- 
parison between groups. The significance of the devi- 
ation of HLA antigen frequencies was calculated using 


Fisher's exact test. Strength of associations was mea- 


————————————————MÀ—— MÀ: uy y 


sured with the relative risk (RR) value calculated using 
Woolf's formula: 


_ fm (1 — fc) 
fc (1 — fm) 


where fm = antigen frequency in diseased population 
and fc — antigen frequency in controls. 


RESULTS 

Clinical, morphologic and morphometric data are 
listed in Tables I, II and III. A very wide range of val- 
ues was observed, and many patients showed normal 
features. However, the pattern of huge and abnormal 
nuclei in hypertrophic cells was a well-defined finding in 
69% of DC biopsies (Figure 1). This histologic feature 
was so impressive that it was used to distinguish 2 
groups of patients: group A, which showed this myocyte 
pattern, and group B, which did not. We reexamined 
and compared the clinical and histopathologic findings 
of these 2 groups. Statistically significant differences 
were observed for myocyte diameter, nuclear size and 
nuclear/sarcoplasma ratio. Group A showed larger 
myocytes with disproportionately larger nuclei, resulting 
in an increased nucleus/sarcoplasma ratio. Endocardial 
thickness also was significantly increased in group A. 
The myocyte diameter did not correlate with the New 
York Heart Association functional class or the duration 
of the disease in either of the 2 groups of DC patients. 

HLA polymorphisms: A, B and C histoglobulin fre- 
quencies were similar in DC patients and controls. The 
DR locus seemed to be more involved: DR3 was under- 
represented in DC patients, while DR4 and DR5 were 
significantly more frequent in all of the DC patients. 
DR3 frequency was 12.8% in DC patients and 29.4% in 
controls (p = 0.007 and RR = 0.35 for DC patients). 
DR4 frequency was 10.7% for normal controls and 
27.7% for DC patients (p = 0.0002; RR = 3.18). DR5 
frequency was 31.5% for normal controls, and 49% for 
DC patients, p = 0.009; RR = 2.08. Of the 50 investi- 
gated patients with DC, 38 belonged to group A and 12 





FIGURE 1. Endomyocardial biopsy from a patient with dilated 
cardiomyopathy showing huge and bizarre-shaped nuclei in 
large myocytes with fine and diffuse interstitial fibrosis 
(hematoxylin-eosin, X 260). 
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to group B. The frequencies of the DR antigens involved 
were then reanalyzed considering the histologic parame- 
ters; the results are shown in Figure 2. DR4 was signifi- 
cantly more frequent in the 12 patients from DC group 
B versus group A (41.7 vs 21.5%, respectively; p = 
0.007; RR = 5.94). DRS was significantly more fre- 
quent in the 38 patients from DC group A (55.3 vs 
25.0%, respectively; p = 0.003; RR = 2.69). DR3 anti- 
gens did not show any significant difference in distribu- 
tion between the 2 DC groups. 


DISCUSSION 

In this group of 166 patients with DC, histology 
from endomyocardial biopsy revealed a wide spectrum 
of findings. Many patients showed no substantial differ- 
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FIGURE 2. A, HLA-DR3, DR4 and DRS antigen frequencies 
in 50 patients with dilated cardiomyopathy (DC) are compared 
to 400 healthy blood donors. DR4 and DRS are significantly 
overrepresented while DR3 is underrepresented in the DC 
group. B, HLA-DR3, DR4 and DR5 antigen frequencies in 38 
patients with dilated cardiomyopathy (DC) from group A 
(dashed columns) are compared to those of 12 DC patients 
from group B (black columns). Only DR4 and DR5 frequen- 
cies significantly differed among the 2 groups. DR4 was more 
frequently associated with group B, DR5 with group A. 
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ence from normal morphologic values. Our spectrum of 
morphologic features did not seem to correlate with the 
symptomatic status of the patients or with the duration 
of the disease. Other studies? have found no correla- 
tion between histologic information and hemodynamic 
indexes. A rough correlation between the amount of fi- 
brous tissue content, cardiac fiber size and New York 
Heart Association functional class has been demon- 
strated by Kunkel et al in a biopsy study of 66 patients 
with DC.!6 However, Kunkel et al pointed out that se- 
vere morphologic changes could be present in patients 
with only mild clinical symptoms, and, conversely, that 
severe cardiac impairment could be found in the ab- 
sence of histologic abnormalities. Similar biopsy find- 
ings were obtained by Strain et al!’ in patients with 
spontaneous severe ventricular arrhythmias, without 
clinically overt heart disease. In 50% of patients they 
found severe histologic abnormalities even though heart 
size, resting cardiac function and exercise tolerance 
were well preserved." 

Thus, the weak correlation between cardiac function 
parameters and histologic abnormalities shown in these 
studies should be evidence against considering histopa- 
thology in DC a mere secondary damage caused by con- 
tractile power disturbances. Indeed, our hypothesis 
was that although the heart has a limited range of re- 
sponses to insults of different nature, its response might 
vary according to some specific and individual factor 
involved in the pathogenesis of DC. Consequently, we 
divided our patients into 2 groups, according to the only 
histologic change that seemed to sharply differentiate 
biopsy samples, irrespective of clinical conditions: the 
very irregularly shaped and abnormal nuclei in hyper- 
trophic myocytes. Group A exhibited abnormal nuclei, 
while group B did not. We do not mean to suggest that 
this morphologic feature is specific to DC. However, 
our criterion of selection is in keeping with the ultra- 
structural findings of Unverferth et al.” They’ reported 
that the nuclear and nucleolar changes found in the bi- 
opsy samples of 17 patients with idiopathic or postviral 
DC were typical of the disease, and differed from those 
of normal controls or other secondary forms of DC de- 
spite sarcoplasmic similarities. The changes in DC were 
not degenerative, but rather suggestive of heightened 
RNA and protein production. A more recent study by 
Rowan et al® pointed out that a morphometric index of 
nuclear irregularity (nuclear form factor) can help in 
characterizing and distinguishing DC from other heart 
diseases. 

Our results from morphometric analysis supported 


the distinction of DC patients into 2 groups: myocyte 


diameter, nuclear size and nuclear/sarcoplasmic ratio 
were significantly higher in group A than in group B (p 
<0.0001). In contrast, fibrosis, degenerative aspects 
(such as cell lysis and hypotrophy), small foci of granu- 
lation tissue, infiltrating mononuclear cells and endocar- 
dial thickness did not differ significantly between the 2 
groups. The clinical data did not correlate with any of 
the histopathologic features; however, group A showed 
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a prevalence of New York Heart Association functional 
classes III and IV and a longer disease duration (Table 
I). We do not, however, stress these differences because 
the definition of disease duration was retrospective and 
largely imprecise, due to the wide spectrum of clinical 
presentation of the disease. Moreover, the attribution of 
functional class was strictly dependent on the time of 


our initial observation when the patients entered the 


study, irrespective of both the effect of subsequent treat- 
ment and the previous history of the disease. Thus, we 
can only approximately relate New York Heart Associ- 
ation class to morphometric data. 

Clinical and experimental studies have suggested 
that DC can derive from a viral infection,!?° and that 
its pathogenesis may result from a complex relation be- 
tween the virus aggression and an unfavorable host-im- 
mune response.?!,22 The similarity to other common dis- 
eases of presumed viral-immune origin that have been 
related to particular HLA specificities???? supports the 
hypothesis that, at least in certain cases, genetic factors 
may play a role in the pathogenesis of DC. 

HLA typing of our 50 patients with DC showed no 
difference in the frequencies of HLA class I molecules 
when compared to a normal population. In our series, 
significant positive associations were shown with HLA 
DR4 and DRS types, as well as a negative association 
with DR3. Moreover, when separately evaluated and 
compared, group A patients expressed the DR5 more 
frequently, while group B patients expressed the DR4 
more frequently. DR3 was similarly underrepresented 
in both DC groups. 

A few recent studies have investigated the associa- 
tion between specific human leukocyte histocompatibil- 
ity antigens and DC, and accordingly suggested a posi- 
tive association with the DR4 antigen. However, Ander- 
son et al? also found a positive association with B27 and 
Fischbein et al! found one with B8 loci. In contrast, 
Komajda et al? and our present study did not show any 
difference in the frequency of HLA-B antigens. Our 
data appear more similar to those of French studies”!° 
than to those observed by Anderson et al in a population 
sample of the United States. We are aware of the limi- 
tations deriving from the small number of patients in 
this and the cited studies. However, our results show 
that differences in DR antigens can be associated with 
distinct histopathologic expressions of the disease. Thus, 
it seems that genetic factors may influence myocardial 
histologic abnormalities. These findings are consistent 
with the virus-immune hypothesis of DC, or at least 
with a subgroup of it, and may explain the histopatho- 
logic polymorphism of the disease, as well as its inde- 
pendence from the degree of functional impairment. At 
present, we do not know if these differences can also 
influence prognosis. 

Conclusions: Our study shows that a wide range of 
histopathologic features can be found in biopsy samples 
of patients with DC. However, some patients had a pe- 
culiar qualitative feature: large, abnormal nuclei in hy- 
pertrophic myocytes. Its presence or absence allowed us 


to identify 2 groups of patients in whom myocyte diam- 
eter, nuclear size and nuclear/sarcoplasmic ratio also 
varied significantly. These groups also differed in HLA- 
DR frequency distribution. Our results suggest that ge- 
netic factors may influence the cardiac morphologic ex- 
pression of DC. Further studies are needed to elucidate 


whether these morphologic and genetic features offer 


additional and more precise prognostic information. 
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CONGENITAL HEART DISEASE 


Natural Course of Atrial Septal Aneurysm 
in Children and the Potential for Spontaneous 
Closure of Associated Septal Defect 


Abraham Brand, MD, Andre Keren, MD, David Branski, MD, Abraham Abrahamov, MD, 
and Shlomo Stern, MD 


Atrial septum aneurysm (ASA), usually involving 
the region of the fossa ovalis, has rarely been de- 
scribed in children. In this study, the incidence and 
natural course of this anomaly were prospectively 
evaluated in 3,500 children referred for echocar- 
diographic examination. ASA was found in 35 pa- 
tients, 19 female and 16 male (1.0%). Patients 
were 6 years of age or younger at the time of diag- 
nosis and 18 were neonates. None of the 750 chil- 
dren with normal echocardiograms had ASA. The 
most common associated lesion was atrial septal 
defect (ASD), which occurred in 24 of the 35 pa- 
tients (6996). Other associated cardiac lesions were 
ventricular septal defect in 10, pulmonary stenosis 
in 5, patent ductus arteriosus in 4 and coarctation 
or interruption of the aorta with subaortic mem- 
brane in 2. No clinical complications were associ- 
ated with ASA. Six patients with complex heart 
disease died. When associated with ASD, the direc- 
tion of the ASA motion and that of the shunt found 
by Doppler echocardiography were similar. Four- 
teen patients with ASD were followed for 0.5 to 4 
years. In 8 the ASD closed and in 6 the ASA disap- 
peared. In 6 patients the ASD and ASA persisted 
until the end of the follow-up (p «0.01). Thus, the 
incidence of ASA in children in this series was 
higher than previously presumed and usually was 
associated with other cardiac anomalies, mainly 
ASD. In children, ASA tends to disappear with age 
and may have a role in spontaneous closure of 
associated ASD. 

(Am J Cardiol 1989;64:996-1001) 
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sion of the interatrial septum into the right or 

left atrium or both.'-$ The entity has been re- 
ported as an uncommon condition occurring mainly in 
adults.!-57-!2 Its true prevalence might have been un- 
derestimated in the past because of absence of symp- 
toms and lack of noninvasive techniques for its diagno- 
sis.! Two-dimensional echocardiography is currently the 
best method for in vivo diagnosis of ASA.!~>-7-!! In chil- 
dren, ASA has been described in isolated cases,’~!0!3.!4 
and the incidence of the defect is unknown. This pro- 
spective study evaluated in a large series of infants and 
children (1) the incidence of ASA; (2) the motion pat- 
tern of ASA in correlation with Doppler flow character- 
istics; and (3) the natural course of the defect. 


A trial septal aneurysm (ASA) is a localized protru- 


METHODS 

Between 1983 and 1987, we prospectively evaluated 
the incidence of ASA in 3,500 children, ages 1 day to 
15 years, who had echocardiographic evaluation be- 
cause of suspected heart disease. 

Echocardiography: Standard parasternal, apical and 
subcostal views were recorded and anomalies of the 
interatrial septum were specifically noted (Figures 1 
through 3). To define the diagnostic criteria for ASA in 
newborns and young infants, the length of the interatri- 
al septum was measured in 30 randomly selected nor- 
mal subjects, ages 2 hours to 28 days. The linear length 
of the septum, including the base of the ASA, was mea- 
sured at ventricular end-systole and end-diastole, in the 
parasternal short-axis at the aortic root level, in the api- 
cal 4-chamber and subcostal views. The maximal systol- 
ic length of the interatrial septum measured in the sub- 
costal view was 1.4 + 0.2 cm (range 1.0 to 1.8) (Table 
I). In 20 of the 30 normal newborns, the length of the 
septum in this imaging plane was <1.5 cm. In the other 
views, the systolic length of the septum reached 1.5 cm 
in ofily 1 subject. Anatomic measurements showed that 
the maximal length of the foramen ovale in newborns is 
6 mm.!> Based on these echocardiographic and anatom- 
ic findings, we used criteria similar to those of Gallet et 
al! for diagnosis of ASA: (1) protrusion of the interatri- 
al septum, or part of it, into either of the atrias >6 mm 
beyond the plane of the septum; or (2) phasic excursion 
of the protrusion Z6 mm during the cardiac cycle; and 
(3) base of the protruding portion of the septum mea- 
suring at least 6 mm. Two types of ASA were defined. 
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Axis View 
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(cm) (cm) 





Controls (n = 30) 





In type 1, the aneurysm involved only the area of the 
fossa ovalis (Figures 1 through 3), whereas in type 2 the 
protrusion involved the entire septum.! To evaluate the 
motion patterns of ASA, whenever feasible, the M- 
mode line was positioned perpendicular to the aneurysm 
under 2-dimensional echocardiographic guidance in the 
subcostal view. Pulsed-wave Doppler was obtained with 
the same transducer using the subcostal and apical 4- 
chamber views (Figure 2). 

Cardiac shunt measurements: The pulmonary to 
systemic flow ratio (Qp/Qs) was evaluated using the 
method described by Sanders et al.!6 The maximal sys- 
tolic diameter, cross-sectional area and mean flow ve- 
locities in the aorta and pulmonary artery were comput- 
ed from 2-dimensional echocardiographic and Doppler 
still frame images. 

In 20 of 35 patients, follow-up echocardiographic 
and Doppler tests were performed 5 months to 5 years 
(mean 18.4 + 15.4 months) after the first test. For the 
purpose of this study, the estimated time of ASA or 
ASD disappearance was the time at which absence of 
these findings was first demonstrated on echocardiogra- 
phy. 

Nuclear **first pass" angiography: The procedure 
was performed with a computerized Elscint Apex 415 
gamma camera using technetium-99m diethylenetria- 
mine pentaacetic acid, 440 wCi/kg (minimum 2.5 mCi, 


FIGURE 1. Parasternal short-axis (A) 
and apical 4-chamber view (B) in a 
newborn with ASD (patient 4) shows 
protrusion of ASA (arrows) from left 
atrium (LA) into right atrium (RA). Ao 


— right ventricle; RVOT - right 
ventricular outflow tract. 
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TABLE I Length of the Interatrial Septum Measured in Different Echocardiographic Views in Newborns With and Without Atrial 


Septal Aneurysm 





Diastole 


Range 0.7-1.3 0.5-1.0 
Newborns with ASA (n = 10) 1.4 + 0.4 1.0 + 0.2 
Range 0.8-1.8 0.8-1.3 

p value <0.005 <0.001 


Data are expressed as mean + standard deviation. 
ASA = atrial septal aneurysms. 


Subcostal 
4-Chamber View 


Apical 
4-Chamber View 








Diastole 
(cm) 


Diastole 
(cm) 


Systole 
(cm) 


Systole 
(cm) 







0.9-1.5 0.7-1.2 0.8-1.6 


1.5 + 0.4 1.2 + 0.4 i ] 1.5 + 0.3 
1.1-2.1 0.8-1.9 1.5-2.0 1.1-1.9 
«0.001 «0.01 «0.001 «0.001 


maximum 15 mCi). The shunt (Qp/Qs) was calculated 
by a time activity curve from a region of interest drawn 
over the right lung using the method of gamma variant 
fits." A decrease in Qp/Qs ratio of 250% was defined 
as significant reduction of shunt. 

Statistical analysis: Results are expressed as mean 
+ standard deviation. Differences in mean values be- 
tween groups were tested with variance analysis, and 
the degree of significance was evaluated by unpaired 2- 
tailed Student or Fisher exact tests. 


RESULTS 

Incidence: ASA was found in 35 of 3,500 persons 
(1%). There were 19 females and 16 males, 1 day to 6 
years of age. Eighteen were newborns, 10 were 3 to 8 
months old and 7 were 2 to 6 years old. 

Associated heart defects: All 35 patients with ASA 
were referred because of a precordial murmur. All had 
associated heart defects (Table II). ASD (24 patients) 
was the most frequent anomaly. Associated noncardiac 
anomalies were found in 6 patients. ASA was not found 
in the 750 children with normal echocardiogram. 

Clinical findings: Of the 35 patients, 27 were asymp- 
tomatic and 8 had congestive heart failure (Table II). 
In 4 of 35 (11%), a mid-systolic click was heard in the 
absence of mitral or tricuspid valve prolapse. In 7 of 35 
(2096), an ejection click was heard with the associated 
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heart defect. The electrocardiograms showed right-axis 
deviation in 29 patients and incomplete right bundle 
branch block in 10. Rare atrial premature beats («200/ 
day) were found in 3 newborns at the time of enroll- 
ment and disappeared during follow-up. Electrocardio- 
graphic Holter monitorings were selectively performed 
in these patients after the finding of arrhythmia on ex- 
amination or on routine electrocardiogram. 


SA 


© FROZEN 








id ha, a 


FIGURE 2. Two-dimensional (A), Doppler (B), electrocardio- 
graphic (C) and M-mode (D) consecutive recordings demon- 
strate the correlation between direction of atrial aneurysm 
protrusion and blood flow in a patient with ASD (patient 1). 
las = intratrial septum. Other abbreviations as in Figure 1. 
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Morphologic features and motion patterns of atrial 
septal aneurysm: The length of the interatrial septum 
in newborns with ASA was significantly larger than in 
normal subjects (Table I). Type 1 ASA was found in 28 
patients, with protrusion from the left to the right atri- 
um in 9, from right to left in 1 and with bidirectional 
motion during the cardiac cycle in 18. Type 2 ASA was 
found in 7 patients, with right to left protrusion in 4 and 
left to right in 3 (Table II). 

In all patients with ASD, the direction of the blood 
flow through the defect was documented by Doppler. 
The direction of the shunt was from left to right during 
most of the cardiac cycle, and from right to left for a 
short period in late diastole and early systole (Figure 2). 
The direction of ASA motion documented by M-mode 
echocardiogram was similar to that of the flow pattern 
detected by pulsed-wave Doppler. 

Nuclear studies: First-pass nuclear angiography was 
performed in 8 patients and showed left to right shunt 
in the 6 patients with ASD. No shunt was detected in 1 
patient with isolated pulmonary stenosis and in 1 with 
pulmonary hypertension (Table II). 

Follow-up: Eighteen patients with type 1 ASA had 
repeat echocardiographic studies and 4 had nuclear an- 
giographic studies (Table II, Figure 4). In 14 patients, 
ASD associated with ASA was documented. In 8 (57%) 
the ASD closed and ASA disappeared in 6 of them. In 
comparison, in the 6 additional patients, both the ASD 
and the ASA persisted until the end of the follow-up of 
7 to 60 months (mean 38.3 + 19.4) (p <0.01). Of the 6 
patients with persisting ASD, a decrease of the shunt 
was noted in 4 (29%), no change in | and an increase of 
the shunt in 1 patient with an additional ventricular sep- 
tal defect. Four patients with type 1 ASA without ASD 
were followed for 4 to 48 months (mean 22.4 + 16.6). 
Disappearance of ASA was documented in 3 of them. 
Type 2 ASA did not disappear during the follow-up. In 
15 of 35 patients, follow-up tests were not performed. 
Two of these patients were lost to follow-up, 6 died due 
to complex cardiac anomalies and 7 patients were re- 
cently diagnosed. 


DISCUSSION 

Diagnostic criteria and frequency of atrial septal 
aneurysm: Until recently, ASA was considered a rare 
anomaly, usually detected during cardiac surgery or au- 
topsy.^9!^ In an autopsy report of 17 newborns,? the 
aneurysm usually involved the region of the fossa ovalis, 
and the length of ASA protruding into the atrium mea- 
sured 3 to 10 mm. In a recent report of 80 patients with 
ASA documented by echocardiography, 21 were infants 
and children.? In this study, ASA was considered to be 
present if the septum or part of it protruded 21.5 cm 
beyond the plane of the atrium and its base was at least 
1.5 cm in diameter. These criteria are useful in adults, 
but they cannot be applied to newborns and young in- 
fants. In newborns the length of the foramen ovale is 4 
to 6 mmP and, as shown in our study, the length of the 
entire septum is 1.0 to 1.8 cm (Table I). These results 
support the criteria previously suggested by Gallet et 
al, who diagnosed ASA in newborns and children in 


TABLE II Clinical, Echocardiographic and Nuclear Angiographic Findings in 35 Patients with Atrial Septal Aneurysm 


Follow-Up 
Direction 
Associated Systolic of ASA 
Defect Click Protrusion Duration 


ASA of fossa ovalis (type 1) 

7mos ASD ; 3:1,2:1,1.8:1, 1:41 
1 mo ASD 3:1; 2:1, 1:8:1; 1:3:1 
2 yrs ASD i Q6, 1:1 

3mos ASD 1.9:1, 1.1:1 

5mos ASD i 

3 yrs ASD 

2 yrs ASD 

2days ASD+VSD 

4mos ASD + VSD 2 

5mos ASD + VSD 1.4:1, 2.5:1 

l day ASD + VSD j — 

4days ASD + VSD i Ai Ue i e | 

3days ASD+VSD i -— 

1 mo ASD + PDA 1.2:1 

3mos ASD + PDA i KET- 


F 
F 
M 
F 
F 
M 
F 
F 
F 
M 
F 
M 
F 
F 
F 


1 day ASD + PDA 
5days ASD+PS 
1 wk ASD + PS 
lday ASD+PS+TR 
1 wk ASD + HLHS 
8mos ASD + Tri atr 
2wks ASD + IAoA + DSAS 
3mos ASD + DSAS + VSD 
6 yrs CoAo + DSAS + BAV 
5 yrs BAV 
6 yrs BAV 
1 mo PS 
1 mo DORV + VSD 
tire septum (type 2) 
1 mo ASD + TGA + PS 
4mos  ToF-4Patr 
4mos VSD 
5 mos BAV + PDA 
7mos MS + VSD 
5yrs PPH + CP FTR 
42mos PPH+CP+TR 
* |n patient 13, banding or pulmonary artery prevented reliable shunt calculation. 
ASA = atrial septal aneurysm; ASD = atrial septal defect; BAV = bicuspid aortic valve; CoAo = coarctation of aorta; CP = cor pulmonale; Decr = decrease; Dis = disappearance; 
DORV = double outlet right ventricle; DSAS = discrete subaortic stenosis; Dx = diagnosis; Ej = ejection; HLHS = hypoplastic left heart syndrome; IAoA = interrupted aortic arch; Incr 
= increase; LA = left atrium; MS = mitral stenosis; NF = no follow-up; PDA = patent ductus arteriosus; PPH = primary pulmonary hypertension; PS = pulmonary stenosis; P atr = pul- 


monary atresia; Qp/Qs = pulmonary flow /systemic flow; RA = right atrium; TGA = transposition of great arteries; ToF = tetralogy of Fallot; Tri atr = tricuspid atresia; TV = tricuspid 
valve; VSD = ventricular septal defect. 
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FIGURE 3. Subcostal 4-chamber view 
demonstrates the ASA (arrows) at the 
age of 5 days (A) and disappearance of 
the aneurysm at the age of 1 year (B) 
in patient 17. At that time, Doppler 
and nuclear studies demonstrated 


disappearance of the shunt. 
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FIGURE 4. Natural course of ASA with and without ASD in 
20 children. 
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the presence of at least 6-mm protrusion of the septum. 
In our study, the length of the atrial septum in new- 
borns with ASA was significantly higher than in the 
control subjects (Table I). This finding can be related to 
the increased atrial volume or pressure due to the un- 
derlying cardiac disease in patients with ASA. 

The incidence of 1% of ASA found by us is similar 
to that found in a large autopsy series.!° Other echocar- 
diographic studies performed in adults or in mixed se- 
ries of adults and children showed an incidence of 0.2 to 
0.396. The higher incidence of ASA found by us may 
be explained by the younger age of the patients evaluat- 
ed and the different cardiac pathologies associated with 
ASA in children and adults.!- Hanley et al? also found 
a higher incidence of ASA in children less than 9 years 
old, very low incidence in adolescents and young adults, 
and increased incidence in older patients. 

Clinical, echocardiographic and Doppler correla- 
tions: Our patients with ASA had additional cardiac 
anomalies. Most frequently these included secundum- 
type ASD, although more complex defects also were 
found. Similarly, most previously published reports of 
ASA in children were associated with cardiac anoma- 
lies, such as ASD;??? tricuspid atresia,!?!^ hypoplastic 
right heart syndrome!? and transposition of the great 
vessels.) In adults, the associated cardiac defects were 
mitral valve prolapse,! mitral stenosis or regurgitation,? 
aortic stenosis and ASD. Rarely, ASA occurred as an 
isolated pathologic finding.^ In our series, the symptoms 
and physical findings correlated with the basic cardiac 
pathology. However, a mid-systolic nonejection click 
was heard at the left sternal border in 4 patients (atrio- 
ventricular valve prolapse having been excluded), pre- 
sumably due to the presence of ASA.! In adults, throm- 
bus formation, systemic emboli, atrioventricular and 
pulmonary vein obstructions, and atrial tachyarrhyth- 
mias were described in patients with ASA.!? No such 
complications were noted in our patients. Three of our 
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newborns had uncomplicated atrial premature beats 
that disappeared with age despite the persistence of the 
aneurysm. It has been suggested that the bulging and 
motion pattern of ASA might be related to changes in 
the interatrial pressure gradient.!? In the present study, 
echocardiographic and Doppler recordings in patients 
with ASD showed good correlation between the direc- 
tion of interatrial flow and of ASA motion during the 
cardiac cycle (Figure 2). 

Disappearance of atrial septal aneurysm and spon- 
taneous closure of atrial septal defect: Echocardio- 
graphic, Doppler and nuclear angiographic follow-up in 
20 patients showed disappearance of ASA in 9 (45%). 
Of 14 patients who had ASA and ASD, the ASA disap- 
peared in 6 of 8 patients with spontaneous closure of 
ASD but persisted in all 6 patients whose ASD did not 
close (p «0.01). Thus, attachment of the ASA to the 
interatrial septum may have played a role in spontane- 
ous closure of the ASD. A similar mechanism has been 
hypothesized by Ramaciotti et al!8 for spontaneous clo- 
sure of ventricular septal defect associated with septal 
aneurysm. Awan et al’ also described a case of sponta- 
neous closure of ASD with disappearance of ASA. AII 
patients with ASD followed had a significant initial left 
to right shunt. Few other patients without follow-up had 
left to right shunt and ASA direction, supporting the 
diagnosis of ASD rather than patent foramen ovale. 

Conclusions: This prospective echocardiographic 
study showed that the incidence of ASA is about 1% 
among infants and children referred for evaluation. 
Clinical complications were not related to the presence 
of ASA. Disappearance of ASA was found in 45% of 
our patients. The aneurysm disappeared in most pa- 
tients who had spontaneous closure of associated ASD, 
and persisted in all our patients with persistent ASD. 
Thus, our results show that ASA may play a role in 
spontaneous closure of ASD. 
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Usefulness of Nuclear Magnetic Resonance 
Imaging for Evaluation of Pericardial Effusions, 
and Comparison with Two-Dimensional 
Echocardiography 


Sharon L. Mulvagh, MD, Roxann Rokey, MD, G. Wesley Vick, Ill, PhD, MD, 
and Donald L. Johnston, MD 


Nuclear magnetic resonance (NMR) imaging clearly 
delineates cardiovascular structures without inter- 
ference from overlying bone and lung tissue. The 
techniques of NMR imaging and echocardiography 
were compared in 26 patients with pericardial effu- 
sions, 10 of whom had associated pleural effusions. 
In those patients with fluid detected by both tech- 
niques, estimated size of the effusion tended to be 
somewhat larger by NMR. NMR imaging detected 
several small pericardial effusions that were not 
visualized by echocardiography. Both techniques 
demonstrated loculation well, although NMR imag- 
ing was better for detecting fluid located superiorly 
at the aortic pericardial reflection site, medially at 
the border of the right atrium and posteriorly at the 
left ventricular apex. In the 14 patients with docu- 
mented exudative effusions (10 pericardial, 4 pleu- 
ral) NMR signals of varying intensity were present 
in the effusion. One patient had a documented 
transudative effusion and no NMR signal was ob- 
served in the fluid. NMR imaging clearly distin- 
guished pericardial from pleural effusions. NMR 
imaging is indicated when a suspected pericardial 
effusion is not detected by echocardiography or 
when specific localization or fluid characterization 
is desired. 

(Am J Cardiol 1989;64:1002-1009) 
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cardiography in the evaluation of pericardial ef- 

fusions is well established.!-^ However, detailed 
determination of the distribution of the effusion and 
characterization of the pericardial fluid are limited 
when using this noninvasive technique alone.^ Early 
data have indicated a potential role for nuclear magnet- 
ic resonance (NMR) in the evaluation of pericardial 
disease.?-1? Some of the advantages of NMR include 
the clear delineation of cardiovascular structures unre- 
stricted by surrounding anatomic structures without the 


ik usefulness of M-mode and 2-dimensional echo- 


requirement for contrast media or ionizing radiation, 


and the ability to characterize body fluids and tissue. 
We examined the ability of NMR imaging to assess the 
presence, size and distribution of pericardial effusions in 
patients presenting with a variety of disease entities. 
NMR signal intensity characteristics of pericardial and 
pleural effusions were also evaluated. Echocardiography 
was used as the established reference technique. 


METHODS 

Patients: Twenty-six patients with known or sus- 
pected pericardial effusions underwent spin echo NMR 
imaging. All patients had echocardiography performed 
within 4 days of the NMR study. There were 18 women 
and 8 men with a mean age of 50 + 17 years (range 16 
to 84). Their diagnoses are listed in Table I. The 2 pa- 
tients with myocardial infarction were imaged within 7 
days of the acute event. Ten patients had a pericardio- 
centesis performed within 48 hours of NMR imaging 
and all these patients had exudative effusions, as de- 
fined by any of the following criteria: protein content of 
>3.0 g/dl, lactate dehydrogenase >200 IU/dl, pericar- 
dial fluid/serum lactate dehydrogenase ratio of >0.6 or 
pericardial fluid/serum protein ratio >0.5. The 10 pa- 
tients with confirmed exudates had the following disease 
processes: idiopathic (4), neoplastic (2), infectious (2), 
connective tissue disorder (1) and hypothyroidism (1). 
Surgical specimens of pericardial tissue were obtained 
in 3 other patients; 1 patient had a pericardial lipoma 
and 2 had pericardial fibrosis. 

Ten patients had pleural effusions at the time of the 
echocardiographic or NMR study. In 5 of these patients 
chemical analysis of the fluid was performed, and 4 pa- 
tients had exudative effusions as defined by the criteria 
already listed. 


Nuclear resonance imaging technique: 
Electrocardiographically gated NMR imaging was per- 
formed on a 0.5 or 1.0 tesla unit (Siemens Medical Sys- 
tems, Inc). Pulse repetition time was equal to the RR 
interval and echo time was either 22 ms (1 tesla), 35 ms 
or 60 ms (0.5 tesla). Mean heart rate was 82 + 12 
beats/min (range 52 to 109). In 6 patients with moder- 
ate or large effusions, the pulse repetition time was 
lengthened to enhance tissue contrast due to T; relaxa- 
tion differences. In the 11 remaining patients with mod- 
erate to large effusions, time did not permit the acquisi- 
tion of these images. Slice thickness was 8 mm and 2 
signal averages were obtained per acquisition. A 128 X 
128 matrix was used for image processing. Views were 
taken from the coronal, oblique (short and longitudinal 
left ventricular axis), transverse and sagittal planes. 

Echocardiography: With the patient in the left lat- 
eral decubitus position, 2-dimensional and M-mode 
echocardiograms were obtained with a 2.25-, 3- or 3.5- 
MHz ultrasound transducer on an Interspec, Hewlett- 
Packard or Electronics for Medicine ultrasound unit. 
All studies were obtained within 24 hours of the NMR 
study. Standard parasternal, apical and subcostal views 
were obtained and recorded on 1/2 inch VHS videotape 
for later review. 

Data analysis: NMR images and echocardiograms 
were evaluated by 2 reviewers reading by consensus who 
were experienced in echocardiographic and NMR inter- 
pretation. The reviewers were blinded to the results of 
the other imaging study. A pericardial effusion was de- 
fined for both techniques simply as the presence of a 
definite space between the epicardium and parietal peri- 





FIGURE 1. Diagrammatic illustration of the distribution of 
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cardium. Anterior and posterior distributions of pericar- 
dial fluid were best seen by 2-dimensional echocardiog- 
raphy in the parasternal and subcostal views, while 
apical effusions were most often visualized in the 4- 
chamber and 2-chamber views. Distribution of the effu- 
sion by NMR imaging was classified according to the 
location of the fluid along the cardiac borders (Figure 
1). Right atrial, superior and apical distributions were 
seen only in the coronal plane, while anterior, lateral 
and inferior-posterior distributions were best seen in the 
short or longitudinal axes. 

Estimation of effusion size by both techniques was 
based on the dimension of the effusion at any location 
as follows: small <1 cm, moderate 1 to 2 cm and large 
>2 cm. Loculation of pericardial effusion was diag- 
nosed if most of a moderate-sized or large effusion was 
restricted to a specific area of the heart, or if 1 segment 
of the effusion was much brighter in signal intensity 
than the remaining fluid. For NMR images, signal in- 
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effusions visualized by NMR imaging. The nomenclature 


pericardial 
was derived according to the location of the effusion in relation to the borders of the heart. Ao = aorta; IVC = inferior vena cava; 
LA = left atrium; PA = pulmonary artery; RA = right atrium; RV = right ventricle; SVC = superior vena cava. 
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NMR IMAGING OF PERICARDIAL EFFUSIONS 


tensity of the pericardial and pleural fluid was com- 
pared to that of the myocardium and recorded as either 
a signal void or signal intensity present, but less than, 
equal to, or greater than myocardium. For patients with 
fluid signal intensity equal to myocardium, the effusion 
was usually distinguished by its heterogenous appear- 
ance, or was further characterized with images obtained 


FIGURE 2. Nuclear magnetic resonance (NMR) images (echo 
time — 35 ms, repetition time — heart rate) obtained in 3 
planes and echocardiographic comparison in a patient with 


breast cancer. A, the NMR image in the coronal plane showed 


a small pericardial effusion (closed arrow) and a very large 


left pleural effusion (open arrow) with signal intensity equal to 


myocardium. The short (B) and longitudinal axis (C) NMR 
images also separated the 2 effusions (arrows point to the 
pericardial effusion). D, the M-mode echocardiogram (fop) 





using a long pulse repetition time wherein signal intensi- 
ty of the effusion increased and was greater than the 
myocardium. The presence of an associated pleural ef- 
fusion was also noted on the echocardiogram and NMR 
images. Image-derived relaxation times were not calcu- 
lated from the NMR scans due to signal inhomogeneity 
of the fluid, resulting in difficulty in identifying an ap- 


pn 


demonstrated a large posterior echo-free space (arrow). The subcostal 2-dimensional echocardiogram (bottom) also showed a 
posterior echo-free space (arrow). The pericardial and pleural effusions were not separated by echocardiography. 
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propriate region of interest for signal measurement. A 
chi-square test was performed to assess the detection of 
effusions by the 2 methods. 


RESULTS 

Study quality: Technically difficult studies for both 
echocardiography and NMR imaging were defined as 
those in which visualization of the cardiac borders jux- 
taposing the pericardial space (from the standard views 
for each modality) could not be achieved. Three echo- 
cardiographic studies were technically difficult due to 
failure to gain an adequate window for imaging. One 
NMR study was abbreviated because of patient appre- 
hension and claustrophobia. 

Detection of effusions: PERICARDIAL: À pericardial 
effusion was detected in 19 patients by 2-dimensional 
and M-mode echocardiography, and in all patients by 
NMR (p «0.05). The 7 patients with a pericardial effu- 
sion not detected by echocardiography were the follow- 
ing: 2 with a recent myocardial infarction, 2 with breast 
cancer, 2 who were postcardiothoracic surgery and 1 
with an idiopathic pericardial effusion. Six of these pa- 
tients had a small effusion located posteriorly at the left 
ventricular apex, while 1 had a moderate-sized effusion. 
A technically difficult echocardiogram was noted only 
for the patient with a moderate-sized effusion. 

PLEURAL: Associated pleural effusions were present 
on NMR imaging in 10 patients (Figure 2); in only 3 of 
these patients was the pleural effusion seen on echocar- 
diography. 

Size of pericardial effusion: A comparison of the es- 
timated size of the pericardial effusions by the 2 imag- 
ing techniques is shown in Figure 3. In 13 of the 19 


patients with effusions detected by both methods, there 


was agreement on the size of the effusion. In cases of 
disagreement, the effusion was 1 grade smaller by echo- 
cardiography in 5 patients. 

Distribution of pericardial effusion: Regional distri- 
bution of the pericardial effusions was more clearly de- 


picted by NMR imaging due to the wide field of view. 


and improved visualization of the epicardial borders 
(Table IT). This was especially true for fluid accumula- 
tions along the right atrial border and at the aortic-peri- 
cardial reflection site (Figure 4). Loculated effusions 
were detected in 4 patients by NMR imaging and in 3 
by echocardiography (Figure 5). 

Pericardial and pleural fluid/tissue characteriza- 
tion: PERICARDIAL: All 10 patients who underwent peri- 
cardiocentesis had exudative effusions and on NMR 


imaging had signal intensity present in the effusion. 


(Table III, Figure 6). Except for 2 patients with fibri- 


nous strands present on echocardiogram (strands were. 


also noted in the fluid on the corresponding NMR im- 
ages), the effusions were echolucent in these patients 
(Figure 7). A relatively common occurrence in the pa- 
tients with exudates was the presence of a gradual in- 
crease in signal intensity from the anterior to posterior 
portions of the effusion. This finding suggested a posi- 
tional dependency of the cellular debris in the pericardi- 
al fluid. 








TABLE Il Regional Distribution of Pericardial Effusion 


Pts (n) 

Echo NMR 
15 13 
17 24 






Anterior (RV lateral) 
Inferior / posterior 


Lateral 11 22 
Right atrium 5 13 
Superior 


Apical 


Region in parenthesis refers to distribution by echocardiography. 
Echo = echocardiography; NMR = nuclear magnetic resonance; RV = right ventri- 








TABLE Ili NMR Signal Intensity Versus Confirmed Fluid / 
Tissue Composition 


Greater Than 
Myocardium 


Less Than Equal to 
Void Myocardium Myocardium 


Signal 
Intensity 


Exudate 
(n = 14) 
Fibrosis 
(n = 2) 
Lipoma 
(n= 1) 
Transudate 
(n= 1) 


Effusion Size ponents 


Moderate 





FIGURE 3. Size of the pericardial effusion by echocardiogra- 
phy and NMR imaging for the 19 patients in whom the effu- 
sion was detected by both techniques. 
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NMR IMAGING OF PERICARDIAL EFFUSIONS 


In 6 patients with confirmed exudative pericardial 
effusions, NMR images were obtained with prolonged 
pulse repetition time and all demonstrated an increase 
in signal intensity relative to the myocardium of at least 
1 grade (Figure 8). 

One of the 2 patients with confirmed pericardial fi- 
brosis at surgery had an area of signal void in the peri- 
cardial space. In the other patient, an increase in signal 
was due to a small hemopericardium found at explora- 
tory sternotomy. 
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In ] patient, epicardial adipose tissue completely 
surrounding the heart and causing constrictive physiolo- 
gy was clearly visualized as very bright signal by NMR 
(Figure 9).!^ The comparative echocardiographic find- 
ing was an echolucent area anterior to the right ventri- 
cle, suggestive of a pericardial effusion. NMR chemical 
shift imaging using the Dixon technique? further char- 
acterized the substance in the pericardial space as fatty 
tissue. 

PLEURAL: Five patients underwent thoracentesis and 
chemical analysis of the pleural fluid was performed. 
One fluid sample was a transudate; the corresponding 
NMR image of the pleural effusion was a signal void. 
The remaining 4 pleural effusions were exudates and 
the corresponding NMR images showed the presence of 
signal intensity that was equal to or greater than myo- 
cardium. 


DISCUSSION 

In the present study, NMR imaging provided useful 
information about pericardial effusions that was not 
available using echocardiography. NMR's wide viewing 
window and its lack of interference from overlying bone 
and lung tissue enabled a more complete assessment of 
the distribution of the effusions, and aided in assessing 
whether loculation was present. NMR’s ability to easily 
visualize the epicardial borders and pericardial fat pad 





FIGURE 4. NMR images (echo time — 35 ms, repetition time 
— heart rate) and 2-dimensional echocardiographic images of 
a patient with a very large pericardial effusion secondary to 
hypothyroidism. A, the coronal image demonstrated the distri- 
bution of the effusion inferiorly, apically and superiorly at the 
pulmonary artery (open arrow) and aortic (closed arrow) peri- 
cardial reflection sites. NMR signal intensity was equal to 
myocardium. B, the short-axis image showed the effusion 
posteriorly. C, a large echo-free space was evident posteriorly 
(closed arrow) and anteriorly (open arrow) on the echocardio- 
gram. 


enabled the detection of small pericardial effusions that 
were not identified by echocardiography. NMR is an 
excellent technique for identifying associated pleural ef- 
fusions, and clearly defined their separation from peri- 
cardial effusions. 

The finding that NMR was more helpful than echo- 
cardiography in detecting small pericardial effusions 
was somewhat surprising. In a previous study, Horowitz 
et al! reported the use of M-mode echocardiography 





B 


FIGURE 5. A, transverse NMR image (echo time — 60 ms, 
repetition time — heart rate) of a patient with idiopathic peri- 
carditis and a large pericardial effusion. The higher signal in- 
tensity of the loculated effusion over the right atrium (arrow) 
compared to the rest of the effusion indicated a higher protein 
content in the loculated fluid. B, the loculated nature of the 
effusion and the increase in fluid signal intensity was not 
appreciated on the echocardiogram. 








for the detection of pericardial fluid volumes as small as 
16 ml. In the current study, a more diligent search for 
pericardial effusions by echocardiography, with strict 
attention to the proper use of machine control settings 
and transducer angulation, may have resulted in a high- 
er detection rate with this technique. However, since the 
pericardial effusions detected only by NMR occurred at 
the level of the left ventricular apex (where the epicardi- 
um is less well visualized by M-mode echocardiogra- 
phy), a small effusion may still go undetected by echo- 
cardiography. Before firm conclusions can be drawn 
about the role of NMR imaging in the detection of 
small pericardial effusions, the 2 methods must be com- 
pared to a “gold standard," for example, surgery,'® so 
that the amount of fluid present can be directly mea- 
sured. 

As protein material accumulates to form an exudate 
and T; shortens, the signal from the pericardial or pleu- 
ral fluid will increase relative to the myocardium, which 
has a short T; value. Proteinaceous fluid signal is in- 
creased due to reduced radiofrequency saturation, since, 
pulse repetition time is relatively constant due to elec- 
trocardiographic gating. A similar effect was achieved 





B. 


FIGURE 6. NMR images (echo time — 35 ms, repetition time 
— heart rate) of a patient with scleroderma and pericarditis. 
The very bright pericardial fluid signal noted on the coronal 
(A) and short axis (B) was consistent with a high protein con- 
tent in the fluid. Although the effusion surrounded the heart, 
the short-axis image showed it to be greatest posteriorly. 
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NMR IMAGING OF PERICARDIAL EFFUSIONS = 












FIGURE 7. NMR and echocardiographic images of a patient obtained 2 weeks after repair of a stab wound to the right ventricle. 
A, fibrinous strands were visualized on the NMR (echo time = 22 ms, repetition time = heart rate) coronal image (arrows). B, 
strands were also detected by echocardiography in the 2-chamber view (arrow). 


p d 





FIGURE 8. Effect of prolonging pulse repetition time on NMR signal intensity (echo time — 22 ms) of a pericardial effusion. 
From left to right, pulse repetition time — 850 ms (heart rate); pulse repetition time — 1,700 ms; pulse repetition time — 2,550 
ms; respectively. Signal intensity was equal to myocardium with pulse repetition time — heart rate. As pulse repetition time 
increased, signal intensity increased. This effect is typical of fluids with relatively long T, relaxation times relative to 
myocardium. 


FIGURE 9. A, a chemical shift NMR image (Dixon technique) of a patient with a pericardial lipoma. The lipoma (arrow) sur- 
rounded the heart. B, residual signal (arrow) was still present in the distribution of the fatty tissue on the chemical shift image. 
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in the present study by lengthening pulse repetition time 
to the equivalent of 2 or 3 cardiac cycles; without 
changing the T; of the fluid, signal intensity increased 
due to less radiofrequency saturation. These expected 
changes in signal intensity may vary somewhat depend- 
ing on certain conditions. For example, pericardial fluid 
motion and cardiac motion (despite electrocardiograph- 
ic gating) can decrease signal intensity of the effusion 
on spin echo imaging. Also compartmentalization of 
protein or cellular debris, in addition to possible alter- 
ations in local fluid mobility or viscosity, may produce a 
heterogenous signal intensity pattern in the region of the 
effusion. 

Due to its lower cost and portability, echocardiogra- 
phy should be used as a screening procedure for the 
visualization of pericardial effusions. However, in pa- 
tients in whom a suspected effusion remains undetected, 
or in whom specific localization or fluid characteriza- 
tion is desired, an NMR study is indicated. 


Acknowledgment: We wish to thank Dr. William 
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Prevalence and Significance of Left Ventricular 
Filling Abnormalities Determined by Doppler 
Echocardiography in Young Type I 
(Insulin-Dependent) Diabetic Patients 


Catherine Paillole, MD, Michel Dahan, MD, Frédéric Paycha, MD, 
Alain Cohen Solal, MD, Philippe Passa, MD, and René Gourgon, MD 


In 16 insulin-dependent diabetic patients, 36 + 8 
years old with no microangiopathy, hypertension or 
coronary artery disease, and 16 healthy control 
subjects matched for sex, age and body surface 
area, the following parameters were obtained by 
Doppler-echocardiography: (1) end-diastolic left 
ventricular thickness and radius; (2) aortic pulse 
wave velocity; (3) mitral flow with measurement of 
early and late (atrial) peak velocities (E and A), 
pressure half-time and the velocity time integrals of 
the entire mitral curve and of the atrial wave; and 
(4) isovolumic relaxation time (i.e., the time be- 
tween aortic closure and the mitral opening signals 
recorded simultaneously by continuous-wave Dopp- 
ler). Heart rate and systolic blood pressure were 
not different in the 2 groups. Aortic pulse wave ve- 
locity and the wall thickness to radius ratio were 
significantly increased in the diabetic patients com- 
pared to the controls. E was significantly reduced 
whereas A/E, pressure half-time, the atrial contri- 
bution to the left ventricular filling (i.e., the ratio of 
the atrial velocity time integral to the mitral velocity 
time integral) and the isovolumic relaxation time 
were significantly increased in the diabetic group 
versus the control subjects. Lastly, 11 of 16 dia- 
betic patients (6996) had at least 2 of the following 
abnormalities: A/E >0.71, an atrial contribution to 
the left ventricular filling >0.25, a pressure half- 
time >50 ms and an isovolumic relaxation time 
>88 ms. No correlations were found between the 
wall thickness to radius ratio, aortic pulse wave ve- 
locity and the filling indexes. In young insulin-de- 
pendent diabetic patients with no microangiopathy 
or coronary artery disease, Doppler filling abnor- 
malities are frequent, and do not depend on the left 
ventricular geometry or the physical properties of 
the aorta. These abnormalities reflect changes in 
myocardial relaxation and may be early markers of 
diabetic cardiomyopathy. 

(Am J Cardiol 1989;64:1010-1016) 
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ed by epidemiologic studies,” histologic find- 

ings*-> and the existence of subclinical impair- 
ment of left ventricular function revealed by different 
methods in asymptomatic diabetic subjects. Diastolic 
left ventricular abnormalities have been disclosed by 
cardiac catheterization,?5 abnormal systolic time inter- 
vals by phonocardiograms?^* and abnormal left ventric- 
ular filling by standard and digitized echocardiogra- 
phy,-!? radionuclide studies? and subsequently by 
Doppler echocardiography.!^!? The physiopathology of 
this left ventricular dysfunction, especially that of the 
filling abnormalities, is not yet completely clear. How- 
ever, these abnormalities have been shown to be espe- 
cially associated with microangiopathy,?!^ cardiac auto- 
nomic neuropathy!? and asymptomatic coronary artery 
disease, which is frequent in this population. The pre- 
sent work was a noninvasive study, by Doppler echocar- 
diography, of a rigorously selected population of young 
insulin-dependent diabetic subjects without degenera- 
tive complications, hypertension or coronary artery dis- 
ease (which was excluded after 2 reliable tests: maximal 
exercise testing and dipyridamole myocardial scintigra- 
phy). 

Our investigations had 2 aims: (1) to describe the 
left ventricular filling abnormalities detected by Dopp- 
ler echocardiography, determine their prevalence and 
define early markers of diabetic cardiomyopathy; and 
(2) to establish the significance and determinants of 
these abnormalities. 


T he concept of diabetic cardiomyopathy! is support- 


METHODS 

Study patients: Sixteen insulin-dependent diabetic 
patients (11 men and 5 women) were selected using the 
following criteria (Table I): age «55 years old, duration 
of diabetes >10 years, good long-term glycemic control 
assessed by Al glycosylated hemoglobin values <9% 
(Cordis, upper limit of normal 7.5%), normal body 
weight, no cardiovascular risk factor other than diabetes 


From the Departments of Cardiology and Nuclear Medicine, Bichat 
Hospital, Paris, and the Department of Diabetes and Endocrinology, 
Saint Louis Hospital, Paris, France. This study was supported in part by 
Bayer France. Manuscript received April 3, 1989; revised manuscript 
received July 24, 1989, and accepted July 27. 

Address for reprints: Catherine Paillole, MD, Department of Car- 
diology, Bichat Hospital, 46 rue Henri Huchard, 75108 Paris, France. 


(ie. no smoking, normal total cholesterol and blood 
pressure «160/95 mm Hg). Patients received no medi- 
cation other than insulin. Microangiopathy was absent 
(urinary albumin excretion rate «30 mg/day deter- 
mined by laser nephelemetry of 24-hour urine,!ó ab- 
sence of retinopathy or background retinopathy, no 
symptoms of cardiac autonomic neuropathy—i.e., nor- 
mal acceleration of heart rate in the upright position— 
and no postural hypotension). All patients were also free 
from peripheral vascular and overt heart disease, deter- 
mined by history, physical examination, chest radiogra- 
phy, electrocardiogram, complete echocardiographic 
and Doppler ultrasound examination. Patients with 
asymmetric myocardial hypertrophy were excluded, as 
well as those with regional wall motion abnormalities. 
Latent coronary artery disease was excluded after nor- 
mal upright exercise testing and dipyridamole thallium- 
201 myocardial scintigraphy. Each of the 16 patients 
was matched for sex, age and body surface area with 1 
of 16 healthy control subjects. All patients were in sinus 
rhythm with heart rate of «80 beats/min. All gave in- 
formed consent to the study. 

Study protocol: Each patient underwent a complete 
echocardiographic and Doppler examination. Two-di- 
mensional, M-mode echocardiogram and pulsed Dopp- 
ler were obtained with an ATL imaging system (Ad- 
vanced Technology Laboratories, Ultramark 8 model) 
and a 3-MHz transducer. Continuous-wave Doppler 
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TABLE! Clinical Characteristics 


Creatinine 
(umol / AER 
liter) (mg/day) R 


Duration Hb A1 
(yrs) 


N 


6 
9 
7 
2 
8 
5 
4 
6 
6 
8 
4 
5 


14 

i 22 
Mean+SD 3648 1445 80407 89415 10:37 
AER = albumin excretion rate; Duration = duration of diabetes; Hb Al = Al 


glycosylated hemoglobin; R = retinopathy; SD = standard deviation; O = no retinopa- 
thy; 1 = background retinopathy. 
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ultrasound examination was performed with a nonimag- 
ing 2.25-mHz transducer using the same echocardio- 
graph. M-mode and Doppler signals were recorded at a 
paper speed of 50 and 100 mm/s for measurement of 
time intervals. Systolic, diastolic and mean blood pres- 
sures were continuously monitored with a Dinamap. 





FIGURE 1. Measurement of pulse wave velocity (PWV). PWV = L/PWD, where L = sternal length, PWD = pulse wave delay = 


QV2 — QV1. QV1 and QV2 are time intervals between the 


ic Q wave and the foot of the aortic velocity 


tracing obtained with pulsed Doppler, respectively, in the isthmus (A and B) and near the diaphragm (C and D). 
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VENTRICULAR FILLING IN DIABETIC PATIENTS 


Measurements: LEFT VENTRICULAR GEOMETRY AND 
SYSTOLIC FUNCTION: Left ventricular end-diastolic radius 
and thickness (ie., average posterior wall plus septal 
wall thickness) were measured on 3 to 5 M-mode echo- 
cardiograms. Shortening fraction was derived. Mass 
was calculated by applying Teichholz's equation for vol- 
ume measurement.!’ The wall thickness to radius ratio 
was used as an index of left ventricular geometry. 

AORTIC PHYSICAL PROPERTIES: To study these proper- 
ties, we measured arterial blood pressure, the ascending 
aorta diameter using M-mode echocardiography and 
aortic pulse wave velocity. Pulse wave velocity was cal- 
culated as the ratio of sternal length to pulse wave de- 
lay. Pulse wave delay was measured as previously de- 
scribed!? from the aortic velocity curves obtained suc- 
cessively by pulsed Doppler in the isthmus and near the 
diaphragm (Figure 1). It represents the difference be- 
tween QV2 and QV1. QV2 and QVI represent the time 
interval between the electrocardiographic Q wave and 
the foot of the aortic velocity tracings, respectively, in 
the isthmus and near the diaphragm. QV1 and QV2 
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were each the average of at least 5 measurements of 
cardiac cycles of regular length. Interobserver variabili- 
ty for pulse wave velocity measurement, assessed in 10 
other subjects, was 6 + 4%. 

ASSESSMENT OF LEFT VENTRICULAR FILLING: Mitral in- 
flow velocities were recorded by pulse wave Doppler 
from an apical 4-chamber view with the sample volume 
placed near the tips of the mitral leaflets. The following 
were measured: peak velocity of early (E) and late atrial 
(A) mitral flow, A/E ratio, pressure half-time and ve- 
locity time integrals of the entire mitral curve and of the 
atrial late wave (Figure 2). The ratio of the atrial veloc- 
ity time integral to the mitral velocity time integral was 
calculated. It represented the atrial contribution to left 
ventricular filling, assuming that variations in the mitral 
area during diastole were negligible.!? 

THE ISOVOLUMIC RELAXATION TIME: The isovolumic re- 
laxation time, defined as the time between aortic closure 
and mitral opening signals, was measured by simulta- 
neous recording of the aortic and mitral flow by contin- 
uous-wave Doppler (Figure 3).?9 
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FIGURE 2. Mitral velocity tracing recorded by pulsed Doppler with an apical window. A - late (atrial) peak velocity; E — early 
peak velocity; PHT = pressure half-time (i.e., E/1.44); VTIA = velocity time integral of the atrial wave (vertical lines); VTIM = 


velocity time integral of the entire mitral curve. 
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FIGURE 3. Measurement of the isovolumic relaxation time (IRT)—the time interval between aortic closure (AC) and mitral 
opening (MO) signals recorded simultaneously with continuous-wave Doppler on apical 4-chamber view. 
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TABLE ll Hemodynamic Data 


RR SBP 
(ms) (mm Hg) 


885 + 102 122 € 13 
9131118 11548 


Diabetic Subjects 
Control Subjects 


P value NS NS 


PP PWV 
(mm Hg) (m s7!) 


7.06 € 1.16 0.41 +0.06 
6.11 +0.84 0.44 + 0.04 
0.05 NS 


AT/ET 


AT/ET = pulmonary normalized acceleration time: ratio of acceleration time to ejection time, measured on pulmonary velocity tracing obtained by pulsed Doppler; NS = not 
significant; PP = pulse pressure; PWV = pulse wave velocity; RR = cardiac cycle duration; SBP = systolic blood pressure. 





TABLE Ill Left Ventricular Geometry and Systolic Function 


LVr LV th 
(mm) (mm) 


Diabetic Subjects 23.3 41.7 
Control Subjects 24.1 +42.7 
P value NS 


SF LV Mass 
th/r (%) (g) 


0.39 + 0.09 
0.33 + 0.03 
<0.05 


LV = left ventricular; NS = not significant; r = radius; th = thickness; SF = shortening fraction. 





TABLE IV Left Ventricular Filling and Isovolumic Relaxation Time by Doppler Echocardiography 


E A 
(cm s7?) (cm s7!) A/E 


0.77 +0.24 
0.53 + 0.09 
«0.001 


48 t 12 
3718 
«0.01 


6217 
70 € 13 
«0.05 


Diabetic Subjects 
Control Subjects 
P value 


VTIM VTIA PHT IRT 
(cm) (cm) 


13.0 + 2.0 
12.5 2.0 
NS «0.05 


VTIA/VTIM (ms) (ms) 


48 X7 94 1 15 
41+4 67+10 
<0.01 <0.0001 


0.29 x 0.11 
0.17 + 0.04 
«0.0001 


3.28 € 1.17 
2.25 +0.60 


A = peak velocity of late mitral flow; E = peak velocity of early mitral flow; IRT = isovolumic relaxation time; NS = not significant; PHT = pressure half-time; VTIA = velocity time inte- 
gral of the atrial wave; VTIM = velocity time integral of the entire mitral curve. 


LEFT VENTRICULAR FILLING PRESSURE: Left ventricular 
filling pressure cannot be assessed without catheteriza- 
tion, but previous studies?! have shown strong correla- 
tion between pulmonary artery pressures (systolic, dia- 
stolic and mean) and the ratio of acceleration time to 
ejection time from the pulmonary flow velocity obtained 
by pulsed Doppler on the pulmonary anulus (i.e., pul- 
monary normalized acceleration time). 

All recordings were performed by one observer and 
the readings by another observer. 

Statistical analysis: Results are expressed as mean 
+ | standard deviation. Intergroup variables were com- 
pared by Student : test. A p value «0.05 was considered 
significant. 


RESULTS 

Main clinical characteristics of the diabetic pa- 
tients: The mean age was 36 + 8 years and the mean 
duration of diabetes was 13.8 + 4.8 years (Table I). All 
patients had good glycemic control with a mean HbA1 
of 8.0 + 0.7%. There was no nephropathy and only 6 
patients had background retinopathy. 

Hemodynamic data: Heart rate (RR interval), sys- 
tolic blood pressure and pulse pressure were not signifi- 
cantly different in the diabetic patients and control sub- 
jects (Table II). Pulse wave velocity, an index of aortic 
stiffness, was significantly higher in the diabetic group 
than in the control subjects (7.06 + 1.16 vs 6.11 + 0.8 
ms'^!; p <0.005). The normalized pulmonary accelera- 
tion time was not different in the 2 groups. 
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Left ventricular geometry and systolic function: The 
wall thickness to radius ratio was significantly higher in 
the diabetic group than in the control subjects (0.39 + 
0.09 vs 0.33 + 0.03; p <0.05) chiefly because of in- 
creased left ventricular thickness, whereas the radius 


was not different (Table III). Left ventricular mass was 


higher in the diabetic patients versus the control sub- 
jects, but not significantly. Systolic function, assessed by 
shortening fraction, was not different in the 2 groups. 
No correlation was found between the wall thickness to 
radius ratio and systolic blood pressure, pulse pressure, 
maximal pressure at peak exercise or pulse wave veloci- 
ty. 

Left ventricular filling studied by Doppler echocar- 
diography: E was significantly reduced (62 + 7 vs 70 + 
13 cm s^!, p «0.005), whereas A, A/E and pressure 
half-time were significantly increased in the diabetic 
group compared to the control subjects (respectively, 48 
+ 12 vs 37 8 cm s™!, p «0.001; 0.77 + 0.24 vs 0.53 + 
0.09, p «0.001; and 48 + 7 vs 41 + 4 ms, p «0.01) 
(Table IV). The ratio of the atrial velocity time integral 
to the mitral velocity time integral, which represents the 
atrial contribution to the left ventricular filling, was sig- 
nificantly higher in the diabetic group compared with 
the control subjects (0.29 + 0.11 vs 0.17 + 0.04, p 
<0.0001), whereas the mitral velocity time integral was 
not different in the 2 groups. The isovolumic relaxation 
time was significantly longer in the diabetic patients 
than in the control subjects (94 + 15 vs 67 + 10 ms, p 
«0.0001 ). 
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To determine the prevalence of the left ventricular 
filling abnormalities observed with the Doppler tech- 
nique, we defined the threshold value for 4 indexes: A/ 
E, atrial contribution to left ventricular filling, pressure 
half-time and isovolumic relaxation time. These thresh- 
old values were the means of each index obtained for 
the control group, plus 2 standard deviations as follows: 
A/E 20.71, atrial contribution to the left ventricular 
filling >0.25, pressure half-time >50 ms and isovolumic 
relaxation time >88 ms. Therefore, 7 of the diabetic 
patients (44%) had A/E >0.71, 9 had an atrial contri- 
bution >0.25 (56%), 7 had a pressure half-time >50 ms 
(44%) and 11 had isovolumic relaxation time >88 ms 
(69%). Finally, 11 of the diabetic patients studied (69%) 
had at least 2 such abnormalities simultaneously and 
were considered to have left ventricular filling dysfunc- 
tion. In contrast, none of the control subjects had any of 
these abnormalities (Figures 4 through 7). 


FIGURE 4. Individual values of A/E ratio for control subjects 
(C) and diabetic subjects (D). The threshold value is 0.71. 
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Determinants of left ventricular filling: We investi- 
gated the diabetic patients for possible correlations be- 
tween the 4 Doppler indexes and systolic blood pressure, 
aortic pulse wave velocity, wall thickness to radius ratio 
and pulmonary normalized acceleration time on the 
other hand. None of the Doppler indexes was signifi- 
cantly related to these variables. 


DISCUSSION 

In the present study, Doppler echocardiography dis- 
closed significant left ventricular filling abnormalities in 
type I diabetic patients. These abnormalities seem to 
result from a reduced rate of relaxation, because they 
were not correlated to ventricular load. Furthermore, 
they may be considered as early markers of diabetic 
cardiomyopathy because the other conditions known to 
alter left ventricular filling were excluded from this 
study by rigorous selection of the patients. 

Selection of patients: Our patients were young, with 
good glycemic control and no micro- or macroangio- 
pathy, both known to accelerate hypertension, left ven- 
tricular hypertrophy, coronary artery disease and heart 
failure.? Furthermore, none had detectable autonomic 
neuropathy. All of them had normal blood pressure, 
heart rate at rest and echocardiographic left ventricular 
systolic performance with normal diameters and short- 
ening fraction. Coronary artery disease was excluded 
when patients had a negative history, normal standard 
electrocardiogram and maximal exercise testing and no 


perfusion defect in dipyridamole thallium-201 myocar- 
dial scintigraphy. Diabetic patients were matched with 


Se 
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FIGURE 5. Individual values of pressure half-time (PHT) for 
control subjects (C) and diabetic subjects (D). The threshold 
value is 50 ms. 
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control subjects for sex, age and body surface area. 
Consequently, principal physiologic and pathologic con- 
ditions known to alter left ventricular filling were care- 
fully excluded and could not account for the filling ab- 
normalities observed in the diabetic group. These abnor- 
malities can therefore be considered as markers of 
diabetic cardiomyopathy. 

Methodologic considerations: Pulsed Doppler echo- 
cardiography is a simple, reproducible method for 
studying left ventricular filling. It is well correlated with 
cineangiography and radionuclide techniques. Nev- 
ertheless, it has important limitations: measurements of 
mitral inflow velocity are dependent on the sample vol- 
ume location, which moves during cardiac cycles and 
respiration. We minimized this limitation by averaging 
at least 5 consecutive cycles. Doppler calculates mitral 
velocity and not flow indexes. The latter require the mi- 
tral area to be known, which is not easily achieved by 
echocardiography. The different mitral flow velocity in- 
dexes are dependent on many factors,24 such as left ven- 
tricular relaxation, left atrial pressure and left ventricu- 
lar passive distensibility, that cannot be ascertained 
without sophisticated catheterization. 

Left ventricular abnormalities in diabetes mellitus: 
Our diabetic patients had a significantly higher A/E 
ratio, atrial velocity time integral, atrial contribution to 
the left ventricular filling and pressure half-time than 
the control subjects. E was significantly lower than in 
the control subjects but mitral velocity time integral was 
not different in the 2 groups. Similar results have been 
reported using the Doppler method,!4!5 digitized M- 
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FIGURE 6. Individual values of the atrial velocity time integral 
to the mitral velocity time integral ratio (VTIA/VTIM) (atrial 
contribution in the left ventricular filling) for control subjects 
(C) and diabetic subjects (D). The threshold value is 0.25. 
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mode echocardiography!!!2 and radionuclide ventric- 
ulography,'? but most previous investigations involved 
heterogenous populations of diabetic patients with 
microangiopathy® or cardiac autonomic neuropathy, ? 
and for whom the possibility of coronary artery disease 
had not been completely eliminated. In addition, we 
found a significantly prolonged isovolumic relaxation 
time, a result also obtained in previous studies using 
echo-phonocardi-ography.”5 To determine the prevalence 
of the left ventricular filling abnormalities Observed in 
our diabetic patients, we defined threshold values for 4 
Doppler indexes. An atrial contribution to the left ven- 
tricular filling of >0.25 was frequently met (9 of 16 
patients; 56%), as was an isovolumic relaxation time 
>88 ms (11 patients; 69%). Our definition of ventricu- 
lar filling dysfunction required at least 2 abnormal in- 
dexes. This was the case in 11 of our 16 patients (69%), 
a higher percentage than the 29% observed by Zarich et 
al^ An important theoretical limitation of our ap- 


FIGURE 7. Individual values of the isovolumic relaxation time 
(IRT) for control subjects (C) and diabetic subjects (D). The 
threshold value is 88 ms. 
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proach was the use of several indexes that were not 
completely independent of each other. 

Determinants of left ventricular filling: The mitral 
inflow abnormalities observed in our diabetic patients 
by Doppler echocardiography were probably related to 
a dysfunction of myocardial relaxation. However, this 
can only be established without doubt if these abnor- 
malities are independent of variables known to alter left 
ventricular filling, especially ventricular load. During 
relaxation, load is difficult to measure, but can be 
roughly approached by certain noninvasive indexes, in- 
cluding systolic blood pressure, aortic pulse wave veloci- 
ty and wall thickness to radius ratio, which are related 
to left ventricular afterload, whereas normalized pulmo- 
nary acceleration. time reflected pulmonary arterial 
pressure and, indirectly, left atrial pressure. 

We found the wall thickness to radius ratio and the 
pulse wave velocity to be higher in the diabetic patients. 
but could not find significant correlation between left 
ventricular filling parameters and the wall thickness to 
radius ratio or pulse wave velocity. This lack of correla- 
tion could be explained by the fact that the filling ab- 
normalities observed were due to changes in myocardial 
relaxation and not load changes. On the other hand, 
most of the ventricular filling indexes studied have been 
shown to be determined by the ventricular relaxation 
rate, left atrial pressure and left ventricular chamber 
compliance, each factor acting in a different fashion. 
Nevertheless, a mitral flow with high A/E ratio and a 
prolonged pressure half-time, as observed in our diabet- 
ic patients, is generally considered to result from a dom- 
inant slowing of the left ventricular relaxation. In con- 
trast, a mitral flow profile with low A/E ratio and a 
short pressure half-time is interpreted as a consequence 
of an impairment of the left ventricular compliance with 
an increase of the left atrial pressure.?^?6 The signifi- 
cance of the increases in the wall thickness to radius 
ratio and pulse wave velocity is still unclear. A high wall 
thickness to radius ratio has usually been found in dia- 
betic patients with hypertension and microangiopathy,7’ 
which was not the case in our patients. High aortic 
pulse wave velocity was previously reported in diabetic 
patients,”8-30 particularly in diabetic children without 
hypertension, and seems to be an early marker of ath- 
erosclerosis in such patients.2° In our study the wall 
thickness to radius ratio was not correlated with systolic 
blood pressure, pulse pressure or pulse wave velocity. 
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Increased survival in a 16,000-patient study. 


In the ISIS-1 triak—’Randomised Trial of Intravenous Atenolol Among 16,027 Cases 
of Suspected Acute Myocardial Infarction"— in patients randomized within 12 hours 
of symptom onset, the TENORMIN Regimen reduced MI mortality by 30% at day 
one and maintained a significant reduction throughout a year of follow-up. When 
patients were randomized within 2 hours of the onset of pain, first-week mortality 
was reduced by 53%.! 


Significantly Reduced Mortality After MI* 


! 30% : 












*Adapted from ISIS-1 study." 





'Data derived. 
Control-group deaths 171/7,990 365/7,990 923/7,930 
TENORMIN-group deaths 121/8,037 313/8,037 825/7,968 


2P < .003! 2P < .04 2P « .01 


Good clinical judgment suggests that patients who are dependent on sympathetic stimulation for adequate cardiac output and BP are 
not good candidates for beta blockade. In addition to patients excluded from the ISIS-1 study, those with borderline BP (ie, systolic 
« 120, especially if over age 60) are less likely to benefit. 


Provides cardiovascular protection... 


A second major study —"Reduction of Infarct Size, Arrhythmias and Chest Pain by 
Early Intravenous Beta Blockade in Suspected Acute Myocardial Infarction "— 
showed that the TENORMIN Regimen reduced enzyme elevation and sudden death 
while also reducing chest pain and frequency of ventricular premature beats. 





with uncompromised safety. 


Compared to controls, patients on the TENORMIN Regimen had less need for 
antifailure, antiarrhythmic, and antianginal therapy.2 In fact, TENORMIN reduced 
signs of heart failure and cardiogenic shock, and it reduced R-on-T ectopies by 
61% (2P « .0001)? 
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A right start 
for the long run. 


INDICATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management of hypertension. It may be used alone or 
concomitantly with other antihypertensive agents, particularly with a thiazide-type diuretic. 

Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term management of patients with 
angina pectoris. 

Acute Myocardial Infarction: TENORMIN is indicated in the management of hemodynamically stable patients with definite or 

acute myocardial infarction to reduce cardiovascular mortality. Treatment can be initiated as soon as the patient's clinical 
condition allows. (See DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS.) In general, there is no basis for 
treating patients like those who were excluded from the ISIS-1 trial (blood pressure less than 100 mm Hg systolic, heart rate less than 
50 bpm) or have other reasons to avoid beta blockade. As noted above, some subgroups (eg, elderly patients with systolic blood 
pressure below 120 mm Hg) seemed less likely to benefit. 
CONTRAINDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater than first degree, cardiogenic shock, 
and overt cardiac failure. (See WARNINGS.) 
WARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing myocardial contractility and precipitating more severe failure. In 
hypertensive patients who have congestive heart failure controlled by digitalis and diuretics, TENORMIN should be administered cau- 
tiously. Both digitalis and atenolol slow AV conduction. 

In patients with acute myocardial infarction, cardiac failure which is not promptly and effectively controlled by 80 mg of intravenous 
furosemide or equivalent therapy is a contraindication to beta-blocker treatment. 

In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blocking agents over a 
period of time can, in some cases, lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be 
fully digitalized and/or be givgn a diuretic and the response observed closely. If cardiac failure continues despite adequate digitalization 
and diuresis, TENORMIN should be withdrawn. (See DOSAGE AND ADMINISTRATION.) 















Cessation of Therapy With TENORMIN: Patients with coronary artery disease, who are being treated with TENORMIN, should be 
advised against abrupt discontinuation of therapy. Severe exacerbation of angina and the occurrence of myocardial infarction and 
ventricular arrhythmias have been reported in angina patients following the abrupt discontinuation of therapy with other beta 
blockers. The last two complications may occur with or without preceding exacerbation of the angina pectoris. To date, there has 
been no report of myocardial infarction or severe angina upon withdrawal of TENORMIN, probably due to its long plasma half-life. 
Because of the problems encountered with other beta blockers, when discontinuation of TENORMIN is planned, the patients should 
be carefully observed and advised to limit physical activity to a minimum. If the angina worsens or acute coronary insufficiency de- 
velops, it is recommended that TENORMIN be promptly reinstituted, at least temporarily. (See DOSAGE AND ADMINISTRATION.) 





Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL, NOT RECEIVE BETA 
BLOCKERS. Because of its relative beta, selectivity, however, TENORMIN may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot tolerate, other antihypertensive treatment. Since beta, selectivity 
is not absolute, the lowest dose of TENORMIN should be used with therapy initiated at 50 mg and a beta, stimulating 
agent (bronchodilator) should be made available. If dosage must be increased, dividing the dose should be co in 
order to achieve lower peak blood levels. 

Anesthesia and Major Surgery: As with all beta-receptor blocking drugs it may be decided to withdraw TENORMIN before 
surgery. in this case 48 hours should be allowed to elapse between the last dose and anesthesia. If treatment is continued, care 
should be taken when using anesthetic agents which depress the myocardium such as ether, cyclopropane, and trichloroethylene. 

Additionally, caution should be used when TENORMIN I.V. Injection is administered concomitantly with such agents. 

TENORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its effects on the heart can be reversed 
by administration of such agents: eg, dobutamine or isoproterenol with caution (see section on OVERDOSAGE). Manifestations of 
excessive vagal tone (eg, profound bradycardia, hypotension) may be corrected with atropine (1-2 mg IV). 

Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a beta-blocking agent is required. 
Beta blockers may mask tachycardia occurring with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective beta blockers, does not 
delay recovery of blood glucose to normal levels. 

xicosis: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of hyperthyroidism. Patients 
suspected of having thyroid disease should be monitored closely when administering TENORMIN I.V. Injection. Abrupt withdrawal of 
beta blockade might precipitate a thyroid storm; therefore, patients suspected of developing thyrotoxicosis from whom TENORMIN 
therapy is to be withdrawn should be monitored closely. (See DOSAGE AND ADMINISTRATION.) 
PRECAUTIONS: General: Patients already on a beta blocker must be evaluated carefully before TENORMIN is administered. Initial 
and subsequent TENORMIN dosages can be adjusted downward depending on clinical observations including pulse and blood 


pressure. 

impaired Renal Function: The drug should be used with caution in patients with impaired renal function. (See DOSAGE AND 
ADMINISTRATION.) 

Drug Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect when given with beta-blocking 
agents. Patients treated with TENORMIN plus a catecholamine depletor should therefore be closely observed for evidence of 
hypotension and/or marked bradycardia which may produce vertigo, syncope, or postural hypotension. 

Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine concurrently, the beta blocker should 
be discontinued several days before the gradual withdrawal of clonidine. 

Caution should be exercised with TENORMIN I.V. Injection when given in close proximity with drugs that may also have a 
depressant effect on myocardial contractility. On rare occasions, concomitant use of intravenous beta blockers and intravenous vera- 
pamil has resulted in serious adverse reactions, especially in patients with severe cardiomyopathy, congestive heart failure, or recent 
myocardial infarction. 

Information on concurrent usage of atenolol and aspirin is limited. Data from several studies, ie, TIMI-II, ISIS-2, currently do not 
suggest any clinical interaction between aspirin and beta blockers in the acute myocardial infarction setting. 

j 3 t of Fertility: Two long-term (maximum dosing duration of 18 or 24 months) rat studies 
and one long-term (maximum dosing duration of 18 months) mouse study, each employing oral dose levels as high as 300 mg/kg/day or 
150 times the maximum recommended human antihypertensive dose," did not indicate a carcinogenic potential in rodents. Results of 
various mutagenicity studies support this finding. 

Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the maximum recommended human 
antihypertensive dose") was unaffected by atenolol administration. 

Animal Toxicology: Chronic studies employing oral atenolol performed in animals have revealed the occurrence of vacuolation of 
epithelial cells of Brunner's glands in the duodenum of both male and female dogs at all tested dose levels of atenolo! (starting at 15 mg/ 
kg/day or 7.5 times the maximum recommended human antihypertensive dose") and increased incidence of atrial degeneration of 
M of male rats at 300 but not 150 mg atenolol/kg/day (150 and 75 times the maximum recommended human antihypertensive 

,' respectively). 

Usage in Pregnancy: Pregnancy Category C: Atenolol has been shown to produce a dose-related increase in embryo/fetal 
resorptions in rats at doses equal to or greater than 50 mg/kg/day or 25 or more times the maximum recommended human antihy- 
pertensive dose.” Although similar effects were not seen in rabbits, the compound was not evaluated in rabbits at doses above 
25 mg/kg/day or 12.5 times the maximum recommended human antihypertensive dose.” There are no adequate and well-controlled 
studies in pregnant women. TENORMIN should be used during pregnancy only if the potential benefit justifies the potential risk to the 
fetus. 

* Based on a 50 kg patient weight. 

Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared to the concentration in plasma. 
Caution should be exercised when TENORMIN is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects have been mild and transient. Frequency estimates were derived from controlled 
studies in hypertensive patients in which adverse reactions were either volunteered by the patient (US studies) or elicited, eg, by 
checklist (foreign studies). The reported frequency of elicited adverse effects was higher for both TENORMIN and placebo-treated 
patients than when these reactions were volunteered. Where frequency of adverse effects of TENORMIN and placebo is similar, causal 
relationship to TENORMIN is uncertain. 

The following adverse-reaction data present frequency estimates in terms of percentages: first from the US studies (volunteered 
side effects) and then from both US and foreign studies (volunteered and elicited side effects): 

US STUDIES (ATENOLOL, n=164; PLACEBO, n=206 ) (% ATENOLOL-% PLACEBO): 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%), postural hypotension (2%-1%), leg pain (0%-0.5%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0.5%), light-headedness (1%-0%), tiredness 
(0.6%-0.5%), fatique (3%-1%), lethargy (1%-0%), drowsiness (0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) 

GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0.6%-1%) 

TOTALS US AND FOREIGN STUDIES (ATENOLOL, n=399; PLACEBO, n=407): 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (12%-5%), postural hypotension (4%-5%), leg pain (3%-1%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), light-headedness (3%-0.7%), 
tiredness (26%-13%), fatigue (6%-5%), lethargy (3%-0.7%), drowsiness (2%-0.5%), depression (12%-9%), dreaming (396-196) 


GASTROINTESTINAL: diarrhea (396-296), nausea (396-196) 

RESPIRATORY (see WARNINGS): wheeziness (396-396), dyspnea (6%-4%) 

in a series of investigations in the treatment of acute myocardial infarction, bradycardia and hypotension occurred more commonly, 
as expected for any beta blocker, in atenolol-treated patients than in control patients. However, these usually responded to atropine and/ 
or to withholding further dosage of atenolol. The incidence of heart failure was not increased by atenolol. Inotropic agents were infre- 
quently used. The reported frequency of these and other events occurring during these investigations is given below. — 

In a study of 477 patients, the following adverse events were reported during either intravenous and/or oral atenolol administration: 

CONVENTIONAL THERAPY PLUS ATENOLOL (nz244): bradycardia, 43 (18%); hypotension, 60 (25%); bronchospasm, 3 (1.2%); 
heart failure, 46 (19%); heart block, 11 (4.5%); BBB + major axis deviation, 16 (6.6%); supraventricular tachycardia, 28 (11.5%); atrial 
fibrillation, 12 (5%); atrial flutter, 4 (1.6%); ventricular tachycardia, 39 (16%); cardiac reinfarction, 0 (0%); total cardiac arrests, 4 (1.6%); 
nonfatal cardiac arrests, 4 (1.6%); deaths, 7 (2.9%); cardiogenic shock, 1 (0.4%); development of ventricular septal defect, 0 (0%); 
development of mitral regurgitation, 0 (0%); renal failure, 1 (0.4%); pulmonary emboli, 3 (1.2%) 

CONVENTIONAL THERAPY ALONE (n=233): bradycardia, 24 (10%); hypotension, 34 (15%); bronchospasm, 2 (0.9%); heart 
failure, 56 (24%); heart block, 10 (4.3%); BBB + major axis deviation, 28 (12%); supraventricular tachycardia, 45 (19%); atrial fibrillation, 
29 (11%); atrial flutter, 7 (3%); ventricular tachycardia, 52 (22%); cardiac reinfarction, 6 (2.6%); total cardiac arrests, 16 (6.9%); nonfatal 
cardiac arrests, 12 (5.1%); deaths, 16 (6.9%); cardiogenic shock, 4 (1.7%); development of ventricular septal defect, 2 (0.9%); develop- 
ment of mitral regurgitation, 2 (0.9%); renal failure, 0 (0%); pulmonary emboli, 0 (0%) 

In the subsequent International Study of Infarct Survival (ISIS-1) including over 16,000 patients of whom 8,037 were randomized to 
receive TENORMIN(atenolol) treatment, the dosage of intravenous and subsequent oral TENORMIN was either discontinued or reduced 
for the following reasons: 

REASONS FOR REDUCED DOSAGE 

IV ATENOLOL" REDUCED DOSE ( < 5 mg): hypotension/bradycardia, 105 (1.3%); cardiogenic shock, 4 (.04%); reinfarction, 0 (0%); 
cardiac arrest, 5 (.06%); heart block ( > first degree), 5 (.06%); cardiac failure, 1 (.0196); arrhythmias, 3 (.04%); bronchospasm, 1 (.01%) 

ORAL PARTIAL DOSE: hypotension/bradycardia, 1168 (14.5%); cardiogenic shock, 35 (.44%); reinfarction, 5 (.06%); cardiac arrest, 
28 (.34%); heart block ( > first degree), 143 (1.7%); cardiac failure, 233 (2.9%); arrhythmias, 22 (.27%); bronchospasm, 50 (.62%) 

* Full dosage was 10 mg and some patients received less than 10 mg but more than 5 mg. 

POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reported with other beta-adrenergic blocking 
agents, and may be considered potential adverse effects of TENORMIN. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Allergic: Fever, combined with aching and sore throat, laryngospasm, and respiratory distress. 

Central Nervous System: Reversible mental depression progressing to catatonia; visual disturbances; hallucinations; an acute 
reversible syndrome characterized by disorientation of time and place; short-term memory loss; emotional lability with slightly clouded 
sensorium; and, decreased performance on neuropsychometrics. 

Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis. 

Other: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud's phenomenon. 

Miscellaneous: There have been reports of skin rashes and/or dry eyes associated with the use of beta-adrenergic blocking drugs. 
The reported incidence is small, and in most cases, the symptoms have cleared when treatment was withdrawn. Discontinuance of the 
drug should be considered if any such reaction is not otherwise explicable. Patients should be closely monitored following cessation of 
therapy. (See DOSAGE AND ADMINISTRATION.) 

The oculomucocutaneous syndrome associated with the beta blocker practolol has not been reported with TENORMIN during 
investigational use and foreign marketing experience. Furthermore, a number of patients who had previously demonstrated established 
practolol reactions were transferred to TENORMIN therapy with subsequent resolution or quiescence of the reaction. 

OVERDOSAGE: To date, there is no known case of acute overdosage, and no specific information on emergency treatment of 
overdosage is available. The most common effects expected with overdosage of a beta-adrenergic blocking agent are bradycardia, 
congestive heart failure, hypotension, bronchospasm, and hypoglycemia. 

In the case of overdosage, treatment with TENORMIN should be stopped and the patient carefully observed. TENORMIN can be 
removed from the general circulation by hemodialysis. In addition to gastric lavage, the following therapeutic measures are suggested if 
warranted: 

BRADYCARDIA: Atropine or another anticholinergic drug. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoproterenol or norepinephrine may be 
usetul in addition to atropine and digitalis. 

BRONCHOSPASM: Aminophylline, isoproterenol, or atropine. 

HYPOGLYCEMIA: Intravenous glucose. 

DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as one tablet a day either alone or 
added to diuretic therapy. The full effect of this dose will usually be seen within one to two weeks. lf an optimal response is not 
achieved, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a 
day is unlikely to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including thiazide-type diuretics, hydralazine, 
prazosin, and alpha-methyidopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optimal response is not achieved within 
one week, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Some patients may require a dosage of 
200 mg once a day for optimal effect. 

Twenty-four hour contro! with once daily dosing is achieved by giving doses larger than necessary to achieve an immediate maximum 
effect. The maximum early effect on exercise tolerance occurs with doses of 50 to 100 mg, but at these doses the effect at 24 hours is 
attenuated, averaging about 50% to 75% of that observed with once a day oral doses of 200 mg. 

Acute Myocardial Infarction: In patients with definite or suspected acute myocardial infarction, treatment with TENORMIN I.V. 
Injection should be initiated as soon as possible after the patient's arrival in the hospital and after eligibility is established. Such 
treatment should be initiated in a coronary care or similar unit immediately after the patient's hemodynamic condition has stabilized. 
Treatment should begin with the intravenous administration of 5 mg TENORMIN over 5 minutes followed by another 5 mg intravenous 
injection 10 minutes later. TENORMIN I.V. Injection should be administered under carefully controlled conditions including monitoring of 
blood pressure, heart rate, and electrocardiogram. Dilutions of TENORMIN I.V. injection in Dextrose Injection USP, Sodium Chloride 
Injection USP, or Sodium Chloride and Dextrose Injection may be used. These admixtures are stable for 48 hours if they are not used 
immediately. 

In patients who tolerate the full intravenous dose (10 mg), TENORMIN Tablets 50 mg should be initiated 10 minutes after the last 
intravenous dose followed by another 50 mg oral dose 12 hours later. Thereafter, TENORMIN can be given orally either 100 mg once 
daily or 50 mg twice a day for a further 6-9 days or until discharge from the hospital. If bradycardia or hypotension requiring treatment or 
any other untoward effects occur, TENORMIN should be discontinued. (See full prescribing information prior to initiating therapy with 
TENORMIN Tablets.) 

Data from other beta blocker trials suggest that if there is any question concerning the use of IV beta blocker or clinical estimate that 
there is a contraindication, the IV beta blocker may be eliminated and patients fulfilling the safety criteria may be given TENORMIN 
Tablets 50 mg twice daily or 100 mg once a day for at least seven days (if the IV dosing is excluded). 

Although the demonstration of efficacy of TENORMIN is based entirely on data from the first seven postinfarction days, data from 
other beta blocker trials suggest that treatment with beta blockers that are effective in the postinfarction setting may be continued for one 
to three years if there are no contraindications. 

TENORMIN is an additional treatment to standard coronary care unit therapy. 

Patients With Renal Impairment: Since TENORMIN is excreted via the kidneys, dosage should be adjusted in cases of severe 
impairment of renal function. No significant accumulation of TENORMIN occurs until creatinine clearance falls below 35 mL/min/1.73 m° 
(normal range is 100-150 mL/min/1.73 m°); therefore, the following maximum oral dosages are recommended for patients with renal 
impairment. 


Atenolol 
Creatinine Clearance Elimination Half-Life 
(mL/min/1.73 m°) (h) Maximum Dosage 
15-35 16-27 50 mg daily 
«15 »27 50 mg every other day 
Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under hospital supervision as marked falls i 
blood pressure can occur. 
Cessation of Therapy in Patients With Angina Pectoris: If withdrawal of TENORMIN therapy is planned, it should be achieved 


gradually, and patients should be carefully observed and advised to limit physical activity to a minimum. 
Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, whenever 
solution and container permit. 
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Noninvasive Cardiac Risk Stratification of 
Diabetic and Nondiabetic Uremic Renal Allograft 
Candidates Using Dipyridamole-Thallium-20 1 
Imaging and Radionuclide Ventriculography 


Kenneth A. Brown, MD, Jeffrey Rimmer, MD, and Carl Haisch, MD 


The ability of noninvasive risk stratification using 


dipyridamole-thallium-201 (TI-201) imaging and 
radionuclide ventriculography to predict peri- 
operative and long-term cardiac events (myocardial 
infarction or cardiac death) was evaluated in 36 
uremic diabetic and 29 nondiabetic candidates for 
renal allograft surgery. Of the 35 patients who un- 
derwent renal allograft surgery 8 + 7 months after 
the study, none had transient TI-201 defects (al- 
though 13 had depressed left ventricular ejection 
fraction) and none developed perioperative cardiac 
events. During a mean follow-up of 23 + 11 
months, 6 (9%) patients developed cardiac events. 
Logistic regression analysis was used to compare 
the predictive value of clinical data (including age, 
sex, diabetes, chest pain history, allograft recipi- 
ent) and radionuclide data. Presence of transient 
T1-201 defect and left ventricular ejection fraction 
were the only significant predictors of future cardi- 
ac events (p <0.01). No other patient variables, in- 
cluding diabetes or receiving a renal allograft, had 
either univariate or multivariate predictive value. 
All 3 patients with transient TI-201 defects had 
cardiac events compared with only 3 of 62 (596) 
patients without transient TI-201 defect (p 
« 0.0001). Mean left ventricular ejection fraction 
was lower in patients with cardiac events (44 + 
13%) compared with patients without cardiac 
events (57 + 9%, p «0.005). Overall, 5 of 6 pa- 
tients with cardiac events had either transient TI- 
201 defects or depressed left ventricular ejection 
fraction. Dipyridamole- TI-201 imaging and radio- 
nuclide ventriculography may be helpful in identify- 
ing uremic candidates for renal allograft surgery 
who are at low risk for perioperative and long-term 
cardiac events. 

(Am J Cardiol 1989;64:1017-1021) 
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role in determining short- and long-term survival 

of patients undergoing renal transplantation sur- 
gery, particularly in high risk subgroups such as diabet- 
ics.!-5 Previous studies have suggested that a noninva- 
sive technique, dipyridamole-thallium-201 (TI-201) im- 
aging, can identify subgroups at high and low risk for 
perioperative cardiac events among patients undergoing 
peripheral vascular disease surgery.?-!! Patients without 
transient Tl-201 defects, including those with known 
coronary artery disease, prior myocardial infarction or 
both, appear to be at low risk for perioperative cardi- 
ac events.?-!! Other long-term follow-up studies have 
shown that patients with known coronary artery disease 
who do not have transient Tl-201 defects have a benign 
prognosis.?-16 Applied to renal allograft candidates at 
high risk for underlying coronary artery disease, dipy- 
ridamole-TI-201 imaging may identify those at low risk 


(eis complications play an important 


for early and late cardiac events, who would be suitable 


candidates for renal allograft surgery. Although de- 
pressed left ventricular contractile function also may be 
associated with a poor outcome after renal allograft sur- 
gery,° its relative predictive value compared with TI-201 
imaging is unknown. Therefore, we undertook a study 
to determine the clinical value of noninvasive risk strati- 
fication of candidates for renal allograft surgery using 
dipyridamole-TI-201 myocardial imaging and radio- 
nuclide ventriculography. 


METHODS 

Patient population: From November 5, 1985, 
through January 12, 1989, 86 patients were evaluated 
at the Nephrology Unit of the University of Vermont 
College of Medicine as candidates for renal allograft 
surgery. Of the total group, we elected to perform non- 
invasive cardiac evaluation in 65 patients comprising 2- 
primary potential high risk groups. Group A included 
all 36 patients with insulin-dependent diabetes mellitus 
and group B all 29 nondiabetic patients older than 40 
years with 21 major coronary artery disease clinical 
risk factors other than diabetes (smoking, hypertension, 
hypercholesterolemia, family history). All patients pro- 
vided a history, underwent physical examination and 
submitted to an electrocardiogram that was interpreted 
by a cardiologist. On the same day, they underwent se- 
quential dipyridamole- Tl-201 myocardial imaging and 
radionuclide ventriculography. 
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RISK STRATIFICATION OF RENAL ALLOGRAFT CANDIDATES 


TABLE I Patient Characteristics 


Group A 
(Diabetic) 
(n = 36) 


3949 
27 /9 
7 (19) 
1 (3) 
1 (3) 


Group B 
(Nondiabetic) 
(n = 29) p Value 
Age (yrs) 

Sex (M/F) 

Chest pain syndrome (%) 
Known prior MI (%) 
History of CHF (96) 


TI-201 Results RVG Results 


Normal TD FD 


Normal  |LVEF Mean LVEF 


GroupA 31 13 57+ 10% 
GroupB 26 10 55+12% 


FD = fixed defect; |LVEF = decreased left ventricular ejection fraction; RVG 
= radionuclide ventriculography; TD = transient defect. 





Dipyridamole-thallium-201 imaging acquisition 
and analysis: We decided to use dipyridamole-Tl-201 
imaging for our protocol because prior studies have 
found that renal allograft candidates frequently do not 
achieve satisfactory heart rate responses to exercise," 
and because dipyridamole-Tl-201 imaging has been 
shown to have a greater sensitivity for coronary artery 
disease than submaximal exercise TI-201 studies.!" Di- 
pyridamole-Tl-201 imaging was performed using a pre- 
viously described standard protocol.'* Studies were in- 
terpreted both qualitatively and quantitatively using a 
computer analysis system previously validated at our in- 
stitution.!? Images were interpreted as normal or show- 
ing initial defects that were fixed or transient. 

Radionuclide cineangiography: Gated blood pool ra- 
dionuclide ventriculography was performed at rest using 
a standard technique. Images were collected in a 64 X 
64 matrix in 16 frames/cycle until a total of 250,000 
counts in the left ventricular region of interest was 
achieved. Left ventricular ejection fraction was obtained 
using manually drawn end-diastolic and end-systolic re- 
gions of interest on the background-subtracted and 
smoothed 40? left anterior oblique view. In our labora- 
tory, a left ventricular ejection fraction <55% is consid- 
ered abnormal (72 standard deviations below the mean 
of a normal population). 

Follow-up: Mean follow-up in the study cohort was 
23 + 11 months. Cardiac events were defined as devel- 
opment of acute myocardial infarction, or cardiovascu- 
lar death (sudden or nonsudden). When patients were 
admitted for renal allograft surgery, their hospital 
course was prospectively followed for development of 
cardiac events. Perioperative cardiac events were de- 
fined as those that occurred from the time of renal allo- 
graft surgery to the time of hospital discharge related 
to the surgery. Other follow-up was obtained via office 
records and telephone interviews. Follow-up was 98% 
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complete. One patient with normal Tl-201 imaging and 
depressed left ventricular ejection fraction moved after 
18 months without a cardiac event and was lost to fol- 
low-up. She was treated as having no cardiac event. 
Each patient's clinical course was followed prospectively 
via office and hospital records after pretransplantation 
evaluation. All management of patients was at the dis- 
cretion of their treating physicians. The results of the 
dipyridamole-T]-201 study and the radionuclide ven- 
triculography were available to each physician. 

Statistical analysis: Values are presented as mean + 
1 standard deviation. Frequency comparisons were 
made using a Fisher's exact test. Differences in mean 
values were analyzed using a 1 test. Stepwise multivari- 
ate logistic regression was used to determine the ability 
of patients’ clinical and radionuclide variables to predict 
future cardiac events in the total study cohort, including 
those who did not undergo renal transplantation. 


RESULTS 

Patient characteristics: There was no significant 
difference in gender distribution, frequency of chest 
pain, prior myocardial infarction or history of heart fail- 
ure between groups A (diabetic) and B (nondiabetic) 
(Table I). However, group A patients were significantly 
younger (Table [). 

Nuclear cardiology results and clinical correlation: 
Both dipyridamole-Tl-201 imaging and radionuclide 
ventriculography were normal in 41 patients (23 group 
A, 18 group B). Dipyridamole-TI-201 imaging showed 
transient defects in 3 patients (all group A) (Figure 1, 
Table II). These 3 patients also had depressed left ven- 
tricular ejection fraction. Fixed Tl-201 defects were 
seen in 2 group A and 3 group B patients (of these 5, 1 
group A and all group B patients also had depressed left 
ventricular ejection fraction) (Figure 1). There was no 
significant difference between group A and group B in 
frequency of abnormal TI-201 study, transient Tl-201 
defects, abnormal left ventricular ejection fraction or 
mean left ventricular ejection fraction (Table II). 

Of the 13 patients with a chest pain syndrome, only 
1 (8%) had an abnormal TI-201 study (transient de- 
fect), although 5 (38%) had a depressed left ventricular 
ejection fraction. Only 1 patient had a prior clinical his- 
tory of congestive heart failure (left ventricular ejection 
fraction 36%). Each of the 2 patients with known prior 
myocardial infarction had an abnormal TI-201 study 
and depressed left ventricular ejection fraction. Overall, 
in 16 of 24 (67%) patients with an abnormal nuclear 
cardiology study (either Tl-201 or radionuclide ventric- 
ulography), the abnormal study was the first evidence 
of underlying cardiac disease. 

Perioperative cardiac events: Based on the results of 
the radionuclide screening tests, 4 patients were consid- 
ered by their treating physician to be no longer candi- 
dates for renal transplantation: 3 with transient TI-201 
defects (2 also had left ventricular ejection fraction 
<40%) and 1 with left ventricular ejection fraction 
«3096. Because of their overall medical condition, their 
treating physicians elected not to pursue cardiac cathe- 





terization or revascularization in the patients with tran- - 


sient TI-201 defects. Among the remaining 61 patients 
who were felt to be transplantation candidates, 35 un- 
derwent renal allograft surgery 8 + 7 months after eval- 
uation (17 group A, 18 group B). None of the 35 pa- 
tients had transient defects on Tl-201 imaging, although 
13 had depressed left ventricular ejection fraction 
(mean left ventricular ejection fraction 46 + 7%, range 
27 to 53). There were no perioperative cardiac events 
among any of the 35 patients who received renal allo- 
grafts. 

Long-term follow-up: During a mean follow-up of 
23 + 11 months, 16 (25%) patients died, including 6 
(9%) cardiac deaths (1 myocardial infarction, 5 sudden 
death) at 13 + 8 months after the study. No patient 
had a nonfatal myocardial infarction. When prognostic 
value of clinical data (age, sex, diabetic versus nondia- 
betic, allograft recipient) and radionuclide data (pres- 
ence of transient Tl-201 defect, left ventricular ejection 
fraction) was examined using stepwise multiple logistic 
regression analysis, transient Tl-201 defect and left ven- 
tricular ejection fraction were the only significant sepa- 
rate independent predictors of future cardiac events 
(Table III). No other patient variable had either univar- 
iate or multivariate significant predictive value (Table 
III). All 3 (100%) patients with transient Tl-201 defects 
had a cardiac event compared with only 3 of 62 (5%) 
patients without a transient TI-201 defect (p «0.001). 
Mean left ventricular ejection fraction was lower in pa- 
tients with a cardiac event (44 + 13%) compared with 
patients without a cardiac event (57 + 996, p <0.005). 
Overall, 5 of 6 (83%) patients who developed cardiac 
events had either a transient TI-201 defect or a de- 
pressed left ventricular ejection fraction. Cardiac events 
occurred in 5 of 23 (2296) patients with either a tran- 
sient TI-201 defect or depressed left ventricular ejection 







FIGURE 1. Results of radionuclide 
ventriculography and dipyridamole- 
TI-201 imaging in renal allograft 
candidates. FD = fixed defect; 
LVEF - left ventricular ejection 
fraction; NL = normal; RVG = 
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TABLE Ill Predictors of Long-Term Cardiac Events 
Chi-Square 


Predictor p Value 


Before patient variables entered into logistic regression 
Transient TI-201 defect 
Left ventricular ejection fraction 
Renal allograft recipient 
Diabetes mellitus 
History of chest pain 
Patient gender 
Age 
After "transient TI-201 defect” and "left ventricular ejection fraction" 
entered into logistic regression 
Transient TI-201 defect 
Left ventricular ejection fraction 
Renal allograft recipient 
History of chest pain 
Diabetes mellitus 
Age 


Patient gender 





fraction, compared with 1 of 42 (296) patients with nei- 
ther (p <0.01). No clinical or radionuclide patient vari- 
able had any significant predictive value for overall 
death as an event. 

Only 4 of the 35 patients who received renal allo- 
grafts had graft failure during the follow-up period. 
Each had normal T1-201 imaging and 2 had decreased 
left ventricular ejection fraction. Three of the 4 were 
diabetics. No clinical or radionuclide variable had any 
significant predictive value for allograft failure. 


DISCUSSION 

Combined dipyridamole-Tl-201 myocardial perfu- 
sion imaging and radionuclide ventriculography appears 
to be helpful in identifying a group of renal failure pa- 
tients who are at low cardiac risk for renal allograft 
surgery and for long-term follow-up. Of 35 patients 
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without transient TI-201 defects who underwent renal 
transplantation, all did well perioperatively and had no 
cardiac events, although many (3796) had depressed left 
ventricular contractile function. This finding is consis- 
tent with prior studies that have found a benign progno- 
sis for patients without transient Tl-201 defects.!?-!6 
More recently, several studies have shown that the ab- 
sence of transient defects with dipyridamole- Tl-201 im- 
aging in patients undergoing peripheral vascular disease 
surgery predicts a low perioperative risk.?"!! Our find- 
ings also suggest that, in a population of patients under- 
going renal allograft surgery who are at relatively high 
risk for underlying coronary artery disease, the absence 
of transient defects by dipyridamole-Tl-201 imaging 
appears to identify patients at low perioperative risk 
even when depressed left ventricular function is present. 

Although prior reports have indicated that the fre- 
quency of angiographic coronary artery disease in ure- 
mic diabetic patients ranges between 25 and 4596,77 
only 5 of 36 (1496) of our unselected uremic diabetics 
(group A) referred for renal allograft surgery had ab- 
normal Tl-201 studies. The relatively low frequency of 
noninvasive evidence of coronary artery disease in our 
study cohort probably reflects a bias in referring physi- 
cians, who may exclude diabetic renal failure patients 
with prior myocardial infarction or severe angina from 
consideration for renal transplantation. In addition, it is 
probable that, had all of our diabetic cohort undergone 
cardiac catheterization, additional patients with angio- 
graphic coronary artery disease would have been identi- 
fied. However, many prior studies have demonstrated 
that the presence of jeopardized viable myocardium 
(manifested by transient TI-201 defects) is a more im- 
portant predictor of future cardiac events than the pres- 
ence of anatomic coronary disease alone.!?-!6 Because 
Tl-201 appears to identify a group at low risk for peri- 
operative and long-term cardiac events, adoption of a 
policy of risk stratification of diabetic renal allograft 
candidates with Tl-201 imaging may avoid the necessity 
of performing cardiac catheterization in all such pa- 
tients, as some investigators have recommended.? The 
role of radionuclide ventriculography is less clear. Al- 
though depressed left ventricular ejection fraction was 
not related to poor outcome in the perioperative period 
after renal allograft surgery, left ventricular ejection 
fraction was a significant predictor of cardiac events 
during the follow-up period. 

Although recent interest has concentrated on the 
cardiovascular risk of diabetic renal allograft candi- 
dates, prior data suggest that nondiabetic uremic trans- 
plantation candidates may have a comparable risk of 
underlying coronary artery disease and cardiac events, 
including myocardial infarction and cardiac death.?? In 
our study, although all 3 patients with transient TI-201 
defects and 5 of 6 patients with cardiac events belonged 
to the diabetic group, the frequency of transient defects 
and cardiac events was not statistically significantly dif- 
ferent compared with the nondiabetic group. In addi- 
tion, the mean left ventricular ejection fraction and fre- 
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quency of depressed LVEF were not significantly differ- 
ent (Table II). Finally, overall mortality rates were very 
similar (24 vs 25%). Because of the relatively small 
number of patients, however, our study does not allow 
definitive conclusions to be drawn regarding the value 
of noninvasive risk stratification of nondiabetic renal 
allograft candidates. 

Predictors of long-term cardiac events: The only 
significant predictors of future cardiac events were the 
presence of transient Tl-201 defects and left ventricular 
ejection fraction. As described earlier, our data are con- 
sistent with a large body of data describing the prognos- 
tic value of TI-201 imaging. All 3 patients with tran- 
sient defects had a fatal cardiac event, whereas only 3 of 
62 (5%) patients without transient defects had a cardiac 
event over approximately a 2-year follow-up. Similar to 
what other investigators have reported,?!?? we found 
that left ventricular ejection fraction was a significant 
predictor of long-term cardiac events. Interestingly, no 
clinical patient variable, including the presence of dia- 
betes or receiving a renal allograft, added any prognos- 
tic value to the radionuclide studies, although such con- 
clusions are limited by the relatively small sample size 
and small number of cardiac events. 

Prior studies: Morrow et al? evaluated exercise Tl- 
201 testing in uremic diabetic renal allograft candi- 
dates. Although they did not look specifically at peri- 
operative cardiac events, they found that it was not pre- 
dictive of long-term cardiovascular events. However, 
heart rate response was suboptimal in the large majority 
of patients, as only 7% of patients reached 85% of their 
maximal predicted heart rate. Dipyridamole-T1-201 im- 
aging appears to have a greater sensitivity for coronary 
artery disease than submaximal exercise Tl-201 imag- 
ing,!8 and may explain why cardiac events in our study 
were so infrequent in the patients with negative TI-201 
results. Philipson et alf also found that negative exercise 
Tl-201 tests were predictive of a benign outcome over 
approximately a 1-year follow-up, but only reported the 
results of those patients who reached 8546 of their maxi- 
mal predicted heart rate. 

Clinical implications and conclusions: Dipyrida- 
mole-Tl-201 imaging appears to offer a noninvasive ap- 
proach to the identification of uremic renal allograft 
candidates at low risk for perioperative and late cardiac 
events. Among candidates who are at increased risk for 
underlying coronary artery disease, those with diabetes 
mellitus may benefit most from such risk stratification, 
although our study does not allow definitive conclusions 
regarding nondiabetics with other coronary disease risk 
factors who appear to have a low prevalence of ischemia 
by TI-201 criteria. Radionuclide-determined left ven- 
tricular ejection fraction does not appear to be helpful 
in determining perioperative risk, but is a significant 
predictor of long-term cardiac events. 
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Comparison of Myocardial Washout Rate 
of Thallium-201 Between Rest, Dipyridamole 
With and Without Aminophylline, 
and Exercise States in Normal Subjects 
George T. O'Byrne, MB, MRCPI, Erwin A. Rodrigues, MB, MRCP, Jamshid Maddahi, MD, 


Kenneth F. Van Train, BS, Christopher Wong, CNMT, Kenneth Resser, MS, 
John D. Friedman, MD, and Daniel S. Berman, MD 


The myocardial washout rate of thallium-201 was 
studied in 85 subjects with a <5% likelihood of 
coronary artery disease undergoing rest (group I, n 
= 12), dipyridamole (group Il, n = 24) and exercise 
(group Ill, n = 49) stress thallium-201 scintigra- 
phy. Subjects receiving dipyridamole were subdi- 
vided into group IIA (n = 11), who received an ami- 
nophylline injection 10 minutes after dipyridamole 
infusion, and group IIB (n = 13), who did not. 

The mean and highest washout rate values in 
each of 3 segments in the anterior, 45° and 85° 
left anterior oblique views were calculated. In 
group Il the mean washout rate of thallium-201 
was similar in all segments of each view and the 
overall mean washout rate did not differ between 
the 3 views studied. There was a good correlation 
between the mean and highest washout rate values 
in individual subjects (r = 0.98, p «0.001). The 
mean + standard deviation myocardial 4-hour 
washout rate of thallium-201 (anterior view) was 
10 + 6% in group I compared with 40 + 14% in 
group IIA (p «0.05 vs group 1), 31 + 13% in group 
IIB (p «0.05 vs group I) and 54 + 11% in group Ill 
(p «0.05 each vs group IIA and group IIB, respec- 
tively). There was a wide variation in mean wash- 
out rate values in group Il (range 12 to 58%), and 
this variation was not altered by aminophylline 
administration. The mean washout rate in group 
IIA was not significantly different from that in 
group IIB. 

The lower washout rates with dipyridamole than 
with exercise indicate that normal limits of thalli- 
um-201 washout rate, specific for this test, are re- 
quired for clinical purposes. Administration of ami- 
nophylline does not appear to affect the washout 
rate of thallium-201 after dipyridamole infusion. 

(Am J Cardiol 1989;64:1022- 1028) 
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xercise stress thallium-201 scintigraphy is now rou- 
He: used for assessing myocardial ischemia.!-? 
e detection of myocardial hypoperfusion with 
this test is further enhanced by evaluation of segmental 
washout rate of thallium-201.57 In patients who cannot 
exercise, dipyridamole infusion has been used as an al- 
ternative form of stress.*!? Although, for physiologic 
reasons, the washout rates of thallium-201 after dipy- 
ridamole might be expected to differ from those ob- 
served during exercise stress,!*!° normal myocardial 
washout rates of thallium-201 after dipyridamole infu- 
sion have received little attention. It is clearly important 
that normal limits of myocardial thallium-201 washout 
rate after dipyridamole infusion be defined before quan- 
titation of washout is applied clinically, using programs 
similar to those established for exercise stress thallium- 
201 studies.!!:!2 Furthermore, aminophylline, a specific 
antagonist to dipyridamole, which abolishes the hyper- 
emic response, might be expected to affect the rate of 
washout of myocardial thallium-201. Because aminoph- 
ylline is not routinely used in every dipyridamole study, 
normal limits for thallium-201 washout rate might vary 
depending on whether or not aminophylline is used. 

In this study we evaluated the myocardial washout 
rates of thallium-201 in subjects undergoing rest, exer- 
cise and dipyridamole thallium-201 myocardial perfu- 
sion scintigraphy with and without aminophylline infu- 
sion. 


METHODS 
Subjects: We studied a total of 85 subjects. All had 
<5% likelihood of significant coronary artery disease as 
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assessed by Bayesian analysis of age, sex, symptom clas- 
sification and the results of exercise electrocardiogra- 
phy. The study population consisted of 3 groups. Group 
I comprised subjects who underwent thallium-201 scin- 
tigraphy at rest only. There were 10 men and 2 women 
with a mean age of 47 years (range 30 to 62) in this 
group. Group II consisted of subjects who underwent 
dipyridamole stress studies. Of the 24 subjects in this 
group, 8 men and 3 women, with a mean age of 44 
years (range 24 to 60), received aminophylline to re- 
verse the effects of dipyridamole (group IIA). The re- 
maining 13 subjects (group IIB) had dipyridamole stud- 
ies without aminophylline. This subgroup consisted of 
12 men and 1 woman, ages 27 to 65 years (mean 48). 
Group III consisted of subjects who underwent exercise 
stress studies. There were 36 men and 13 women (mean 
age 47 years, range 26 to 70) in this group. 

Rest thallium-201 protocol: After intravenous injec- 
tion of 2 mCi of thallium-201, supine images were ac- 
quired at rest in the anterior, 45? left anterior oblique 
and 85? left anterior oblique projections. The exact de- 
gree of obliquity chosen was based on a 2-minute 45? 
left anterior oblique image taken between the time of 
injection and the beginning of actual imaging. This 45? 
left anterior oblique view showed the left ventricular 
myocardium as a "doughnut" or a vertical ellipse. Ac- 
quisition commenced 10 minutes after injection and 
data were collected for 10 minutes in each view. De- 
layed images were obtained 4 hours later (Figure 1). 

Dipyridamole thallium-201 protocol: Dipyridamole 
was infused intravenously in a dose of 0.56 mg/kg over 
a 4-minute period with the subject in the supine posi- 
tion. Six minutes after the start of the infusion, hand- 
grip exercise at one fourth of the maximal voluntary 
effort was performed for a period of 4 minutes (Figure 
1). Two mCi of thallium-201 was injected intravenously 
8 minutes after beginning the infusion. The electrocar- 
diogram was monitored continuously, and heart rate 
and blood pressure were recorded every minute. Sub- 
jects in group IIA received a 100-mg intravenous injec- 
tion of aminophylline 10 minutes after the start of the 
study, 2 minutes after thallium-201 administration. Im- 
aging was begun 5 minutes after the thallium-201 injec- 
tion, and images were acquired in an identical fashion 
to that described under the thallium-201 protocol at 
rest. 

Exercise thallium-201 protocol: Subjects performed 
maximal, symptom-limited, graded, treadmill exercise 
according to the standard Bruce protocol. The electro- 
cardiogram was monitored continuously, and blood 
pressure recorded every 3 minutes during exercise. At 
peak exercise, 2 mCi of thallium-201 was injected 
through an indwelling intravenous cannula, and subjects 
continued exercise for an additional minute. All subjects 
achieved at least 85% of age-predicted maximal heart 
rate. Imaging was performed in the supine position and 
commenced 5 minutes after thallium-201 injection. We 
used the same imaging times and projections as used for 
the rest thallium-201 protocol (Figure 1). 

Planar acquisition and processing: Images were ac- 
quired using a standard large field of view Anger cam- 
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era equipped with 37 photomultiplier tubes, a 0.25-inch 
thick sodium iodide crystal and a high resolution, paral- 
lel-hole collimator. A 20% energy window centered on 
the 68- to 80-keV peak and a 10% window centered on 
the 167-keV peak were used. Approximately 1,000,000 
counts were acquired in each 10-minute projection. 
During the redistribution studies, approximately 
600,000 counts were collected in each 10-minute view. 
All images were stored on magnetic disk in a 128 X 
128, 8-bit matrix. Images also were recorded on Polar- 
oid film for visual interpretation. 

Quantitative thallium-201 analysis: Quantitative 
analysis of thallium-201 scintigrams was performed as 
previously described in detail.!?.!6!7 In brief, the com- 
puter processing involved modified bilinear interpolative 
background  subtraction!*? and standard 9-point 
smoothing.? Maximal count circumferential profiles 
were generated for both the initial and the redistribu- 
tion images.”°”! The apex was realigned to 90° on the 
circumferential profiles and the myocardium divided 
into 3 segments/view (Figure 2). The percentage of 
myocardial thallium-201 washout between the initial 
and the delayed images was then calculated for each of 
60 points along the profile in each view using the formu- 
la: A — B/A X 100, where A is the initial myocardial 
activity and B the myocardial activity at the same loca- 
tion at the time of delayed imaging. From this calcula- 
tion the computer generated a 4-hour percent washout 
rate circumferential profile. 

The washout rate circumferential profiles of thalli- 
um-201 in the dipyridamole studies were then analyzed 
segment by segment and view by view. A comparison of 
the mean washout rate in the anterior view was made 
between rest, dipyridamole with and without aminoph- 
ylline and exercise states. 
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FIGURE 1. Protocols used for the rest, exercise and dipyrida- 
mole studies. * Subjects in group IIA received an intravenous 
injection of aminophylline, whereas those in group IIB did not 
receive aminophylline. IV — intravenous. 
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The effect of background subtraction was assessed 
by calculating washout rate values using no background 
subtraction, standard background subtraction and a 
new method of background subtraction.?^2? This new 
method has recently been advocated for technetium- 
99m methoxy isobutyl isonitrile imaging and studies 
with high subdiaphragmatic activity, because it allows a 
more rapid falloff of background contribution from 
areas of increased subdiaphragmatic activity adjacent to 
the heart. 

Statistical analysis: The mean percent washout rate 
of thallium-201 in each of the segments and in each 
view were compared in groups IIA and IIB using the 2- 
sample ¢ test. The results of this comparison provided 
the basis for combining these 2 groups. Overall differ- 
ences in percent myocardial washout rate between 
groups I, IIA, IIB and III were assessed using 1-way 
analysis of variance with Tukey’s studentized rank test. 
Pearson correlation coefficients were used to compare 
mean and highest washout rate values. The level of sig- 
nificance was set at 0.05. All computations were per- 
formed using BMDP and SAS statistical software. 


RESULTS 

Subjects in group I were asymptomatic and had nor- 
mal heart rate and blood pressure during the study. In 
group II, 6 (25%) subjects reported vague, nonspecific 
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VIEW VIEW VIEW 
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FIGURE 2. Assignment of the myocardium into 3 segments in 


the anterior, 45° and 85° left anterior oblique views. AL = 
anterolateral; AP = apical; INF = inferior; PL = postero- 
lateral; IP = inferoapical; SEP = septal; AS = anteroseptal. 
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FIGURE 3. Heart rate response to dipyridamole and handgrip 
in group IIA and group IIB. IV = intravenous. 
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chest discomfort, 2 had headaches and 2 reported “diz- 
ziness." No serious arrhythmias were detected during 
the test. The changes in heart rate and blood pressure in 
group II are shown in Figures 3 and 4. Systolic blood 
pressure decreased >10 mm Hg in 9 subjects during the 
infusion. This was not, however, associated with any un- 
toward symptoms. None of the subjects in group III de- 
veloped any exertional chest pain, serious arrhythmias 
or hypotension. Systolic blood pressure increased appro- 
priately in each subject and none developed significant 
ST-segment depression during exercise. All subjects in 
group III achieved >85% of age-predicted maximal 
heart rate during exercise. 

Segmental myocardial thallium-201 washout after 
dipyridamole: The results of the assessment of washout 
of myocardial thallium-201 after dipyridamole in the 3 
segments of each view are listed in Table I. Mean per- 
cent thallium-201 washout did not differ significantly 
between the 3 segments in any view. When all the 3 
segments in a given view were considered together, the 
overall mean percent thallium-201 washout was similar 
in the anterior, 45? left anterior and 85? left anterior 
oblique views. 
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FIGURE 4. A, blood pressure responses to dipyridamole 

handgrip, with aminophylline, in group IIA. B, blood pressure 
responses to and handgrip, without aminophyl- 
line, in group IIB. IV = intravenous. 





TABLE I Results of the Four-Hour Percent Washout Rate of Thallium-201 After Dipyridamole in the Three Segments of Each View 


Anterior View 


AL AP IP 


Group IIA 
washout 
rate (%) 

Group IIB 
washout 
rate (%) 
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AL = anterolateral; ALL = mean washout rate of the 3 segments of each view; AP = apical; AS = anteroseptal; INF = inferior; IP = inferoposterior; LAO = left anterior oblique; PL = 


posterolateral; SEP = septal. 


Because the initial anterior view image was acquired 
at the time when blood levels of thallium-201 would be 
expected to be highest, this view has been used for the 
analysis between the different groups. 

Figure 5 compares mean percent washout rates of 
thallium-201 in each of the dipyridamole subjects with 
the highest washout rate recorded for the same subject. 
A good correlation is demonstrated (r = 0.98). There 
was no correlation between washout rate and heart rate 
or blood pressure changes in the dipyridamole group. 

Influence of background subtraction: The influence 
of the various methods of background subtraction on 
the mean anterior view washout rate values obtained for 
groups IIA and IIB is shown in Figure 6. No significant 
difference in washout rate values was seen between 
groups IIA and IIB with any of the techniques studied, 
although mean washout rate values were higher and less 
varied with the new technique of background subtrac- 
tion. 

Influence of aminophylline: The mean + standard 
deviation anterior view washout rate of thallium-201 in 
those subjects receiving aminophylline (group IIA) was 


FIGURE 6. Effect of different image 
background subtraction techniques 

on percent myocardial washout rate 
of thallium-201 in subjects with and 
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FIGURE 5. Comparison of mean percent washout rate of 
thallium-201 in each dipyridamole subject with the highest 
washout rate recorded for the same subject. 
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40 + 14% compared with 31 + 13% in those not receiv- 
ing aminophylline (group IIB). The data on the individ- 
ual subjects in the 2 groups are shown in Figure 7. Indi- 
vidual mean washout rate values in group IIA ranged 
from 22 to 57%, and in group IIB from 12 to 58% (dif- 
ference not significant). Although there was no signifi- 
cant difference between mean washout rate of thallium- 
201 in these 2 subgroups, there was a trend toward a 
slower anterior view washout in group IIB. This trend 
was not observed in the steep left anterior oblique view 
(Table I). When the mean washout rate was assessed 
segment by segment, there was no significant difference 
in individual segments within a given view or between 
views. 

We also assessed the statistical power for determin- 
ing differences in means between groups with our sam- 
ple sizes of 11 (group IIA) and 13 (group IIB) subjects. 
Assuming a 20-point difference in mean washout rate 
value between groups IIA and IIB as being clinically 
significant, our results have a statistical power of 93% if 
standard background is used and a power of 100% if no 
background subtraction or the new technique of back- 
ground subtraction is used. 

Comparison of washout rates between rest, exer- 
cise and dipyridamole groups: The results of the wash- 
out rate of thallium-201 in the groups are shown in Fig- 
ure 8. From the anterior view, the mean + standard 
deviation washout rate of thallium-201 at rest (group I) 
was 10 + 6% compared with 35 + 14% in group II 
(groups IIA and IIB combined). In the subjects under- 
going exercise (group III), washout of thallium-201 was 
54 + 11% (p «0.05 each compared with groups I and 
II). The variation in washout rate values was similar in 
all 3 groups. When no background subtraction was used 
in group II subjects, the mean anterior view washout 
rate was 38 + 996 (p «0.05 each compared with groups 
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FIGURE 7. Comparison of the méan anterior view washout 
rates of thallium-201 in group IIA and group IIB. 
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I and III), whereas when the new method of back- 
ground subtraction was used, the corresponding value 
was 41 + 10% (p <0.05 each compared with groups I 
and IIT). 


DISCUSSION | 

Our study provides further insight into the use of 
dipyridamole thallium-201 testing. We demonstrated 
the influence of background correction on the calcula- 
tion of washout rate values in dipyridamole studies, pro- 
vided information to suggest that the washout rate of 
dipyridamole is not influenced by administration of am- 
inophylline and showed that the highest value for wash- 
out rate correlates well with the mean washout rate val- 
ue in normal subjects. In patients with coronary artery 
disease, the mean washout rate value is influenced by 
the presence of perfusion defects due to hypoperfusion, 
and cannot therefore be used for assessing adequacy of 
hyperemia. Our data would suggest that, in patients 
with coronary artery disease, the highest washout rate 
value in a segment of normal myocardium may be used 
for assessing adequacy of hyperemia after dipyridamole 
infusion. 

Our observation of a difference in the washout rates 
of thallium-201 between the resting, dipyridamole and 
exercise states confirms the findings of Ruddy et al? 
that myocardial clearance of thallium-201 is slower af- 
ter dipyridamole than after exercise. The clearance rate 
from the myocardium is dependent on the concentration 
gradient between the myocardium and the blood. Myo- 
cardial thallium-201 concentration is, in turn, depen- 
dent on the magnitude of blood flow at the time of in- 
jection.!?!^ Washout rates are therefore lower in the 
rest study than in stress studies. Of more interest is the 
significantly lower mean washout rate observed in the 
dipyridamole groups, with and without aminophylline, 
compared with the exercise group. Myocardial thalli- 
um-201 washout rate after exercise stress is known to be 
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FIGURE 8. Comparison of mean anterior view washout rates 
of thallium-201 in the rest, exercise and dipyridamole studies. 


dependent on the adequacy of myocardial hyperemia 
achieved, as reflected by the peak exercise heart rate 
attained.’ Because myocardial hyperemia!?2^25 and 
consequent uptake of thallium-201132927 are greater af- 
ter dipyridamole stress than after exercise, one might 
expect a higher washout rate with the former. 

There are several possible reasons for the lower 
mean washout rate seen with dipyridamole. One expla- 
nation might be the altered thallium-201 kinetics seen 
with dipyridamole. During exercise, thallium-201 is rap- 
idly taken up by myocardium and skeletal muscle. Sub- 
sequent release from skeletal muscle is slow.!??? Con- 
versely, after dipyridamole infusion thallium-201 uptake 
by skeletal muscle is low, a greater amount being taken 
up by the splanchnic bed.!? Release from this bed may 
be more rapid than from skeletal muscle. In support of 
this concept, Ruddy et al!? have demonstrated higher 
blood levels of thallium-201 after dipyridamole infusion 
compared with exercise. Thus, despite greater myocar- 
dial uptake of thallium-201 after dipyridamole, the 
thallium-201 concentration gradient between myocardi- 
um and blood pool might be lower after dipyridamole 
than after exercise. This would result in a slower thalli- 
um-201 washout rate in the dipyridamole group. How- 
ever, because similar blood thallium-201 activity might 
be expected to be seen in subjects with both low and 
high washout rates in the dipyridamole group, it is un- 
likely that higher blood thallium-201 levels are solely 
responsible for our findings. 

A second potential explanation may be the effect of 
background subtraction on the calculation of washout 
rates. The background activity of thallium-201 in dipy- 
ridamole studies tends to be higher than with exercise 
stress.? Although higher initial background activity 
could lead to oversubtraction of the initial images and 
thus result in artificially low washout rates,!??? this in- 
creased background is seen predominantly in the abdo- 
men and therefore predominantly affects the inferior 
wall. This is confirmed by our finding of significantly 
higher mean anterior view washout rates obtained with 
the new background technique. However, because a 
slower thallium-201 washout rate with dipyridamole 
was observed in all segments and in all views, this expla- 
nation is not likely to be the dominant cause of the ob- 
served slower thallium-201 washout rate seen with dipy- 
ridamole. 

A third plausible explanation is that hyperemia after 
a standard dipyridamole dose may be submaximal in 
some subjects. The overall low mean washout rate may 
reflect an inadequate dose of dipyridamole resulting in 
suboptimal hyperemia. This interpretation is supported 
by the preliminary findings in an ongoing study in 
which we were able to increase the mean washout rate 
by increasing the dose of dipyridamole infused.?? Fur- 
thermore, this factor may also explain the wide variabil- 
ity in washout rates (12 to 5896) in our dipyridamole 
group. The washout rates in some of these subjects were 
as low as those seen in thallium-201 studies at rest, 
whereas in others rates as high as observed in exercise 
stress were encountered. The use of higher doses of di- 


pyridamole may achieve maximal hyperemia more uni- 
formly in all subjects, thereby tightening the range of 
washout rate values seen in normal subjects. This would 
improve the clinical applicability of dipyridamole wash- 
out rate assessment for detecting hypoperfused myocar- 
dial regions. 

Our results further show that the mean washout rate 
after dipyridamole infusion and its variability are not 
reduced by abolishing the hyperemic response with ami- 
nophylline. Although the initial rate of myocardial thal- 
lium-201 uptake is greatest in the first minute after in- 
jection,?39 a recent report suggests that peaking of 
myocardial thallium-201 activity may be delayed for 20 
minutes after dipyridamole.?! Infusion of aminophylline 
2 minutes after thallium-201 injection could therefore 
have reduced myocardial thallium-201 washout rate by 
aborting hyperemia and myocardial thallium-201 peak- 
ing. However, we found no significant difference in ei- 
ther the mean thallium-201 washout rate or the range 
of washout rate values between groups IIA and IIB 
(Figure 6). Contrary to expectation, there was a trend 
for washout rates in the anterior view to be slightly 
higher in the group receiving aminophylline. This trend 
was reversed in the steep left anterior oblique view, 
which was the last view to be acquired. This implies 
that the minor differences were probably not due to am- 
inophylline but may have resulted from the timing of 
imaging in relation to peaking of myocardial thallium- 
201 uptake. It is possible that the washout rate of thalli- 
um-201 after dipyridamole may follow a multiexponen- 
tial pattern similar to that observed after exercise. It is 
also possible that the early phase may be influenced by 
administration of aminophylline. However, as demon- 
strated by our study, no significant differences were ap- 
parent 4 hours after the aminophylline injection. These 
findings have important clinical implications, because 
the redistribution study is most commonly obtained at 4 
hours. Our data further suggest that clinical administra- 
tion of aminophylline for reversing the side effects of 
dipyridamole will not affect the normal limits of thalli- 
um-201 washout in a significant way. 

One potential limitation of our study is that the 
washout rates of thallium-201 were not compared with 
and without aminophylline in the same subjects. Given 
our preliminary findings, such a study would now seem 
to be indicated. 

In view of the wide range of washout rate values 
observed in the dipyridamole group, we feel that it 
would be necessary to have a 20-point difference in the 
mean washout rate values between groups IIA and IIB 
for the difference to be clinically relevant. Using this 
criterion and considering the sample sizes in our study, 
power calculations indicate that there was a 93% chance 
of detecting a significant difference between the groups 
using the standard background subtraction technique, 
should one have existed, and a 100% chance if the new 
background subtraction method were used. It is there- 
fore unlikely that our results would have been altered by 
studying larger subject numbers. Nevertheless, further 
confirmatory studies are required. 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER1,1989 1027 





THALLIUM WASHOUT RATES IN NORMAL SUBJECTS 
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Transdermal Therapeutic System 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 

This drug product has been conditionally approved by 
the FDA for the prevention and treatment of angina 
pectoris due to coronary artery disease. The conditional 


approval reflects a determination that the drug may be 
marketed while further investigation of its effectiveness 

is undertaken. A final evaluation of the effectiveness of the 
product will be announced by the FDA. 





CONTRAINDICATIONS 

Intolerance of organic nitrate drugs, marked anemia, 
increased intraocular pressure or increased intracranial 
pressure. 


WARNINGS 

In patients with acute myocardial infarction or congestive 
heart failure, Transderm-Nitro system should be used under 
careful clinical and/or hemodynamic monitoring. 

In terminating treatment of anginal patients, both the dosage 
and frequency of eppiçation must be gradually reduced over a 
period of 4 to 6 weeks to prevent sudden withdrawal 
reactions, which are characteristic of all vasodilators in the 
nitroglycerin class. 

Transdermal det as systems should be removed before 
attempting defibrillation or cardioversion because of the 
potential for altered electrical conductivity which may enhance 
the possibility of arcing, a phenomenon associated with the 
use of defibrillators. 


PRECAUTIONS 

Symptoms of hypotension, such as faintness, weakness or 
dizziness, particularly orthostatic hypotension may be due to 
overdosage. When these symptoms occur, the dosage should 
be reduced or use of the product discontinued. 
Transderm-Nitro system is not intended for immediate relief of 
anginal attacks. For this purpose occasional use of the 
sublingual preparations may be necessary. 


ADVERSE REACTIONS 

Transient headaches are the most common side effect, 
especially when higher doses of the drug are used. These 
headaches should be treated with mild analgesics while 
Transderm-Nitro therapy is continued. When such headaches 
are unresponsive to treatment, the nitroglycerin dosage 
should be reduced or use of the product discontinued. 


Adverse reactions reported less frequently include hypotension, 


increased heart rate, faintness, flushing, dizziness, nausea 
and vomiting. These symptoms are attributable to the known 
pharmacologic effects of nitroglycerin, but may be symptoms 
of overdosage. When they persist the dose should be reduced 
or use of the product discontinued. In some patients, 
dermatitis may occur. 


DOSAGE AND ADMINISTRATION 
gig should be initiated with application of one Transderm- 
Nitro 5 mg/24 hr system to the desired area of skin. Many 
patients prefer the chest; if hair is likely to interfere with 
System adhesion or removal, it can be clipped prior to 
placement of the system. Each system is designed to remain 
In place for 24 hours, and each successive application should 
be to a different skin area. Transderm-Nitro system should not 
be applied to the distal parts of the extremities. 
The usual dosage is one Transderm-Nitro 5 mg/24 hr system. 
Some patients, however, may Apnd the Transderm-Nitro 
10 mg/24 hr system. If a single Transderm-Nitro 5 mg/24 hr 
Del fails to provide adequate clinical response, the patient 
should be instructed to remove it and apply either two 
Transderm-Nitro 5 mg/24 hr systems or one Transderm-Nitro 
10 mg/24 hr system. More systems may be added as 
indicated by continued careful monitoring of clinical response. 
The Transderm-Nitro 2.5 mg/24 hr system is useful principally 
for decreasing the dosage gradually, though it may provide 
adequate therapy for some patients when used alone. 
The optimal dosage should be selected based upon the clinical 
response, side effects, and the effects of therapy upon blood 
pressure. The greatest attainable decrease in resting blood 
pressum that is not associated with clinical symptoms of 

ypotension especially during orthostasis indicates the 
optimal dosage. To decrease adverse reactions, the size 
and/or number of systems should be tailored to the individual 

atient's needs. 

o not store above 86°F (30°C). 


PATIENT INSTRUCTIONS FOR APPLICATIONS 
A patient leaflet is supplied with the systems. 
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fied/eligible physicians. Send your CV to Bruce Rogers Co., 
Management Consultants, 20 Main Street, Port Washington, 
NY 11050 (516) 883-1058. 


OREGON: BE/BC interventional cardiologist needed 
for a three physician single specialty group in the Port- 
land Area. Office is adjacent to a 302 bed medical 
center with cardiology services including angiography, 
stress testing, cardiac rehab, CCU, and health promo- 
tion. Compensation based on production with incentive 
and minimum guarantees. Call or write to PC 205 Car- 
diologists, Stanley Mundall, M.D., Attn: Mike Davis, 
10000 SE Main, Suite 201, Portland, OR 97216; 503- 
251-6310. 
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SALE. 70-20 108 St. Premier, prestigious building in the Heart 
of FOREST HILLS, Qns, NY. Superb location. Subwy & busses 
at your door. 24 hour attended garage, cent A/C, separate pro- 
fessional wing. 1600 S.F. will sub-divide. Call: Mr. Marvin 
Weingart, 718-793-1081. 


IMMEDIATE OPENING FOR INVASIVE CARDIOLOGIST (BC/BE) to 
join established BC non-invasive Cardiologist. Experience in PTCA re- 
quired. Active angioplasty/open heart programs. Located 10 minutes 
from Walt Disney World in Central Florida community of 10,000. Send 
CV to Box 1055, The American Journal of Cardiology, 249 W. 17th St., 
New York, N.Y. 10011. 
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Available for BC/BE cardiologists to join exciting new 
program within the Division of Cardiology at the Univer- 
sity of Pittsburgh. 
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teaching and clinical practice. 
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FINANCIAL ASSISTANCE PROGRAM 


A CORPORATE COMMITMENT DESIGNED TO RESPOND TO 
FINANCIAL CONCERNS ASSOCIATED WITH ACTIVASE" THERAPY 
IN THE TREATMENT OF ACUTE MYOCARDIAL INFARCTION: 





In June of 1988, the Activase" Financial Assistance Program (AFAP) was created to 
minimize cost as a consideration when a decision for thrombolytic therapy is made. 
This unique program is being continued in order to ensure that Activase" is made 
available to all patients who need it, regardless of their economic circumstances. 


The Comprehensive Wastage The Uninsured Patient Assistance for Third Party 
Replacement Program Program Reimbursement 
Genentech will replace Genentech will replace all Genentech will assist a 
the product in the event Activase* used for uninsured hospital in clarifying third 
Activase* is prescribed but patients whose combined arty reimbursement 
not administered. annual gross family income Or Activase®. 
is less than $25,000. i 
For more information 
about AFAP: See your 


Genentech professional 


m i representative or call 
1-800-551-2231. 
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VACTIVA 


N v ALTEPLASE, RECOMBINANT 


A TISSUE PLASMINOGEN ACTIVATOR 


Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated in the following situations: * Active internal bleeding * History of cerebrovascu- 
lar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) - Intracranial neoplasm, arteriovenous malformation, or aneurysm * Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease + Recent (within 10 
days) gastrointestinal or genitourinary bleeding + Recent (within 10 days) trauma * Hypertension: 
systolic BP=180 mm Hg and/or diastolic BP=110 mm Hg * High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation « Acute pericarditis e Subacute bacterial endocarditis « Hemostatic 
defects including those secondary to severe hepatic or renal disease + Significant liver dysfunction * 
Pregnancy * Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old « Patients currently receiving oral anticoagulants + Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
Clearly needed. 

Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
in mitotic index, was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 

Nursing Mothers It is not known whether ACTIVASE* is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 

ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE* is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites » Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 


ro ————— 





The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 





Dose Number of Patients 9o 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
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Preparticipation Echocardiographic Screening 
for Cardiovascular Disease in a Large, 
Predominantly Black Population 
of Collegiate Athletes 


Jannet F. Lewis, MD, Barry J. Maron, MD, James A. Diggs, MD, Jane E. Spencer, 
Prafulla P. Mehrotra, MD, and Charles L. Curry, MD 


Sudden death in young competitive athletes is most 
commonly due to underlying cardiovascular dis- 
ease. Echocardiography has the potential to identi- 
fy structural cardiovascular abnormalities, such as 
hypertrophic cardiomyopathy (HC), that have been 
incriminated in such events. 

In this study, echocardiography (2-dimensional 
and M-mode) was used as a primary screening test 
to assess 265 Howard University collegiate ath- 
letes for cardiovascular disease; 262 (99%) were 
black. Most athletes (234, 88%) had no definitive 
echocardiographic evidence of HC or other major 
cardiovascular diseases, but 30 (11%) had mitral 
valve prolapse, and 1 other athlete had a small atri- 
al septal defect. In addition, 4 athletes were identi- 
fied as having mild systemic hypertension. Most 
athletes (236 of 265) showed normal left ventricu- 
lar wall thickness of <12 mm, but an important mi- 
nority (29, 11%) had maximal ventricular septal 
thicknesses of >13 mm that could not always be 
distinguished (by morphology alone) from mild ana- 
tomic expressions of nonobstructive HC. Based on 
this experience, preparticipation athletic screening 
using echocardiography as the primary test does 
not appear to be justified on a cost-effective basis. 
In addition, the substantial minority of subjects 
with increased wall thickness made clinical inter- 
pretation of the echocardiographic findings difficult 
in individual athletes. 

(Am J Cardiol 1989;64:1029—1033) 
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of congenital cardiovascular diseases, including 

hypertrophic cardiomyopathy (HC), Marfan's syn- 
drome and coronary artery anomalies.!-4 This observa- 
tion has increased the interest in preparticipation 
screening of athletes for the detection of cardiovascular 
disease." Echocardiography is a sensitive noninvasive 
technique for the diagnosis of congenital or acquired 
cardiac disease, and has been frequently used to assess 
cardiac structure and function in athletes.47-!° How- 
ever, previous studies have analyzed predominantly 
white populations of athletes, and have not used echo- 
cardiography as a primary cardiovascular screening 
test. Therefore, we have systematically performed echo- 
cardiographic studies in the predominantly black How- 
ard University collegiate athletic population to assess 
the utility of this technique in the preparticipation car- 
diovascular screening of athletes. 


S udden death in young athletes is due to a variety 


METHODS 

Study population: Each of the 280 students partici- 
pating in the Howard University competitive intercolle- 
giate sports program for 1987-1988 underwent a nonin- 
vasive cardiac evaluation, including clinical personal 
and family history, physical examination and 12-lead 
electrocardiography. A total of 265 athletes agreed to 
undergo echocardiography and constitute the final 
study population. The 15 athletes who refused echocar- 
diography had normal clinical history, physical exami- 
nation and electrocardiographic results. 

Ages ranged from 18 to 28 years (mean 19); there 
were 220 men (83%) and 45 women (17%); 262 (99%) 
were black. Various sports were represented, although 
the football team comprised the single largest group 
(Table I). 

Echocardiography: Echocardiographic studies were 
performed using a commercially available unit (Hew- 
lett-Packard model 77020AC) with a 2.5-MHz trans- 
ducer, and were recorded on 0.5-inch videotape for sub- 
sequent analysis. Images of the heart were obtained in 
multiple cross-sectional planes using standard transduc- 
er positions.!! Particular care was taken to delineate the 
endocardial and epicardial borders of the left ventricle. 

M-mode echocardiograms were derived from 2-di- 
mensional images and recorded on strip chart at 50 
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ECHOCARDIOGRAPHIC SCREENING IN ATHLETES 


TABLE I Distribution of 265 Athletes Competing in Collegiate 


No. of Athletes (96) 


Football 
Basketball 
Track 
Soccer 
Tennis 
Swimming 
Volleyball 
Wrestling 


127 (48) 
34 (13) 
29 (11) 
27 (10) 
14 (5) 
12 (5) 
11 (4) 
11 (4) 


TABLE Il Cardiac Dimensions in 265 Athletes Competing in 
Collegiate Sports 


Parameter Mean x SD (mm) Range (mm) 


Ventricular septal thickness (mm) 11 x2 
LV posterior wall thickness (mm) 


LV diastolic dimension (mm) 


LV end-systolic dimension (mm) 
LV mass (g) 

LV mass index (g/m?) 

Left atrial size (mm) 

Aortic root dimension (mm) 
Right ventricular dimension (mm) 


1944 
LV = left ventricular; SD = standard deviation. 


mm/s. Measurements of chamber dimension and wall 
thickness were made from an integrated assessment of 
M-mode and 2-dimensional echocardiograms using con- 
ventions recommended by the American Society of 
Echocardiography.!? Care was taken to carefully align 
the M-mode beam perpendicular to the ventricular sep- 
tum to minimize any possible overestimation of wall 
thickness due to oblique angulation of the ultrasound 
beam with respect to the septal plane. Left ventricular 
(LV) mass was calculated using the formula by Dever- 
eux et al!? and normalized to body surface area (i.e., 
mass index). 

Cardiac dimensions in the athletes were compared 
with normal standards obtained in healthy subjects of 
similar ages who did not have cardiovascular disease.!^ 
For the purposes of this study, a wall thickness 213 mm 
was considered increased in absolute terms because this 
value exceeds the 95% prediction interval for a normal 
population of similar age regardless of body surface 
area, and because by convention the diagnosis of HC 
is made only when maximal wall thickness is 213 
mm. 
Mitral valve prolapse was identified on M-mode 
echocardiogram as Z3 mm late systolic or pansystolic 
displacement of 1 or both mitral leaflets posterior to the 
line of leaflet coaptation connecting the closing and 
opening points of the valve.? On 2-dimensional echo- 
cardiogram, mitral prolapse was considered present if 
there was systolic displacement of 1 or both leaflets be- 
yond the plane of the mitral anulus (superiorly into the 
left atrium) in the parasternal long-axis view alone or in 
both long-axis and apical 4-chamber views.!^ 


1030 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 








Electrocardiography: Standard 12-lead electrocardi- 
ography was performed on all athletes, but results are 
reported only in those showing an absolute increase in 
wall thickness by echocardiography. Increased QRS 
voltage was considered present when the R or S wave 
was 220 mm in a limb lead or 230 mm in a precordial 
lead. LV hypertrophy was diagnosed using the point- 
score system of Romhilt-Estes.!" 


RESULTS 

Although most athletes (234 of 256, 88%) showed 
no definitive echocardiographic evidence of HC or other 
major cardiovascular diseases, 30 athletes (11%, 20 men 
and 10 women) met the echocardiographic criteria for 
mitral valve prolapse. In 29 of these 30 athletes, the 
leaflets appeared to be anatomically normal. The re- 
maining athlete with mitral prolapse showed thickened, 
redundant leaflets, but no evidence of significant mitral 
regurgitation on Doppler echocardiography. Only 2 of 
the 30 athletes had a midsystolic click, and none had a 
late systolic murmur. 

One other athlete had a secundum-type atrial septal 
defect, suspected by physical examination because of 
wide fixed splitting of S;?. Doppler color flow imaging 
confirmed a small defect with left-to-right shunt. In ad- 
dition to these echocardiographic findings, we identified 
4 athletes with mild elevations in blood pressure (>140/ 
90 mm Hg). 

The cardiac dimensions in the 265 athletes are listed 
in Table II. Compared with a normal nonathletic popu- 
lation, LV end-diastolic dimension was increased rela- 
tive to body surface area in 30 athletes (range 58 to 63 
mm), left atrial size was increased in 18 (range 41 to 48 
mm), right ventricular size increased in 11 (range 27 to 
37 mm) and aortic root dimension increased in 1 (42 
mm ). 

Most athletes (236 of 265, 89%) had maximal LV 
wall thickness €12 mm (Figure 1). However, 29 ath- 
letes (11%) showed ventricular septal thickness 213 
mm, considered to be increased in absolute terms.!6 All 
29 were men. Body surface area in these 29 athletes 
(mean 2.14 + 0.26 m?) was statistically different but 
numerically similar to that in the other 236 athletes 
with wall thickness <12 mm (mean 2.02 + 0.27 m?, p 
« 0.01). In 26 of the 29 athletes, the maximal LV wall 
thickness was 13 or 14 mm, the anterior septal to poste- 
rior free wall thickness ratio was «1.3 and the distribu- 
tion of hypertrophy appeared symmetric with each seg- 
ment of the left ventricle of equal or nearly equal thick- 
ness (Figure 1). Male and female athletes showed no 
difference in ventricular septal thickness when corrected 
for body surface area (5.6 + 0.9 vs 5.5 + 0.7 mm/m’, 
difference not significant). 

None of the 26 athletes with increased LV thickness 
had abnormal auscultatory findings or family history of 
cardiac disease or sudden death, and only 1 had mild 
elevation in systemic blood pressure. On the electrocar- 
diogram, the QRS voltage was increased in 8 athletes, 
but only 1 met the Romhilt-Estes criteria for LV hyper- 
trophy. LV hypertrophy detected by echocardiography 





in these 26 athletes was considered most likely to be 
secondary to physical conditioning (Figure 1).5!5.!? 

LV wall thickness was 16 or 18 mm in 3 other ath- 
letes; maximal thickening was in the ventricular septum, 
but the free wall also was increased in thickness (Figure 
1). Systolic anterior motion of the mitral valve was ab- 
sent. All 3 had normal physical examination and no 
family history of cardiac disease or sudden death. On 
the electrocardiogram, the QRS voltage was increased 
in 1 athlete, but the other 2 had normal electrocardio- 
grams. However, based on the echocardiographic pat- 
tern of LV hypertrophy alone, these 3 athletes could not 
be definitely differentiated from mild morphologic ex- 
pressions of nonobstructive HC?*: hence, a second non- 
invasive evaluation was performed 1 year later. Two of 
the 3 had continued to participate in their training pro- 
grams (for football), and the wall thicknesses and pat- 
terns of LV hypertrophy were unchanged from the ini- 
tial study. The third athlete (a soccer player) had be- 
come completely deconditioned over the prior 10 
months, and the second echocardiogram showed a de- 
crease in maximal thickness of portions of ventricular 
septum (from 18 to 14 mm), LV free wall (from 14 to 
11 mm) and cavity dimension (from 51 to 48 mm), 
strongly suggesting a regression of physiologic hypertro- 
phy following deconditioning.*?! Also, mitral systolic 
anterior motion was absent under basal conditions and 
after inhalation of amyl nitrite in all 3, and exercise 
electrocardiography did not induce symptoms, arrhyth- 
mias or ST-segment changes. 


DISCUSSION 

Sudden death in the young competitive athlete is an 
uncommon event. The vast majority of such catastro- 
phes are due to underlying cardiovascular disease, and 
HC has been reported to be most frequently responsi- 
ble.'-*^ Awareness of the causes of sudden death in ath- 
letes has stimulated an interest in preparticipation 
screening of competitive athletic populations in an effort 
to identify potentially lethal underlying cardiovascular 
disease.^-$ 

However, the most practical and effective means of 
implementing preparticipation screening in large popu- 
lations of athletes has not yet been defined. Echocardi- 
ography has obvious theoretical advantages as a screen- 
ing test because of its sensitivity in the noninvasive de- 
tection of several major cardiovascular diseases 
associated with sudden death in athletes, including 
HC.?^ However, echocardiography is relatively expen- 
sive and time-consuming, and requires expert interpre- 
tation. Largely because of such concerns, prior investi- 
gators have used electrocardiography (along with clini- 
cal history and physical examination) in the primary 
screening of athletic populations.®’ In such a study, 
Maron et al’ prospectively screened about 500 colle- 
giate athletes for the presence of cardiovascular disease. 
Only those athletes (about 20% of the population) 
showing an abnormality in their history, physical exam- 
ination or electrocardiogram were referred for echocar- 
diography. None of the athletes was found to have defi- 


nite evidence of any major cardiovascular disease 
known to be associated with sudden death, such as HC 
or Marfan’s syndrome. Nonetheless, it is possible that 
cardiovascular disease went undetected in some of these 
athletes because the primary screening tests were nor- 
mal and, as a result, the athletes were not referred for 
echocardiography. 

In contrast, the present study of Howard University 
collegiate athletes used echocardiography as the pri- 
mary screening test. This approach has the potential ad- 
vantage of identifying persons with HC, aortic dilata- 
tion and other acquired or congenital cardiovascular ab- 
normalities which might otherwise be undetected by 
history, physical examination or electrocardiography. 
Nevertheless, in the present study no athlete was identi- 
fied as having definite evidence of potentially lethal car- 
diovascular disease. On the other hand, a number of 
relatively minor cardiovascular abnormalities were 
found. In 1 athlete a small atrial septal defect of little 
clinical consequence was detected. About 10% of our 
athletes had echocardiographic evidence of mitral valve 
prolapse, although the mitral valve appeared structural- 
ly normal in all but 1 subject. This prevalence of mitral 
prolapse pattern is similar to that previously reported in 
youthful athletic as well as nonathletic populations.’-!5 
Mitral valve prolapse with the structural and functional 
features present in our athletes is most likely a benign 
clinical entity? and does not require disqualification 
from competition.?? 

Our failure to uncover major cardiovascular disease 
in the course of this investigation is probably largely 
related to our sample size. The expected prevalence of 
major cardiovascular disease in a group of young, ap- 
parently healthy athletes is low enough to make detec- 
tion unlikely in a study of this size. For example, HC 
and Marfan's syndrome are relatively rare diseases (in- 
cidence probably «0.596 in a group of youthful ath- 
letes),?^25 and therefore would be expected to be found 


only once or not at all in a group of 265 athletes. Hence, 


the screening of relatively small groups of athletes is 
unlikely to result in frequent identification of these dis- 
eases. Moreover, the cost of any systematic echocardio- 
graphic screening effort is substantial, suggesting that 
such programs may not be cost-effective. For example, 
if we assume an estimated cost of about $400 for each 
echocardiogram, the actual cost of screening our 265 
athletes would have been over $100,000. 

An unexpected finding of our investigation in How- 
ard University athletes was the relatively large number 
who showed an absolute increase in LV wall thickness 
(defined as 213 mm). Most previous echocardiographic 
studies performed in groups of athletes—for purposes 
other than screening—have demonstrated that, al- 
though LV wall thickness is increased in athletes com- 
pared to age-matched sedentary control subjects,^?-? 
the absolute wall thickness rarely exceeds 12 mm. In 
contrast, >10% of our athletes showed maximal LV 
wall thickness of 213 mm. Most of these athletes had 
wall thicknesses of just 13 to 14 mm and no other evi- 
dence of HC, such as subaortic obstruction, or a family 
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FIGURE 1. Two-dimensional echocardiographic stop-frame images in the parasternal short-axis plane from 3 athletes show the 
spectrum of morphologic findings identified as part of preparticipation screening of a large population of competitive athletes. A, 
image from a 19-year-old football player shows findings typical of the majority of athletes in this study. LV wall thickness is 11 
mm and the cavity dimension is 49 mm. B, mild but absolute increase in LV wall thickness considered to be secondary to athletic 
training is seen in a 20-year-old football player. The maximal thickness of the ventricular septum is 14 mm, but the LV free wall 
is also mildly increased in thickness. The pattern of hypertrophy is symmetric (i.e., concentric). C, image from a 22-year-old 
soccer player shows more substantial and asymmetric increase in LV wall thickening, similar to that observed in hyper- 

trophic cardiomyopathy. The maximal thickness of the ventricular septum is 18 mm. PW - posterior free wall; VS — ventricular 
septum. The calibration dots in each image are 10-mm apart. 
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history of the disease. Hence, the mild wall thickening 
in these athletes was judged most likely to be secondary 
to physical training rather than a manifestation of pri- 
mary cardiomyopathy.15.!? 

In 3 of our athletes, maximal septal thickness was 16 
or 18 mm. Because some patients with nonobstructive 
HC may show only relatively mild wall thickening (as 
little as 13 to 15 mm),?? and because there are no gen- 
erally accepted criteria with which to reliably differenti- 
ate physiologic from pathologic hypertrophy in all sub- 
jects,* we had difficulty in distinguishing between HC 
and "athlete heart" on a morphologic basis alone in 
these 3 athletes. However, 1 of the 3 showed a substan- 
tial decrease in LV wall thickness after a period of de- 
conditioning, consistent with regression of physiologic 
hypertrophy.^?! The other 2 athletes also appear to rep- 
resent extreme morphologic expressions of the “athlete 
heart" because neither had a family history of HC or 
sudden death, subaortic obstruction, cardiac symptoms 
or arrhythmias. 

The explanation for the occurrence of increased LV 
wall thickness in about 10% of our predominantly black 
athletic population is unclear. Systemic hypertension 
was not responsible because only 4 of 265 athletes were 
found to have mildly elevated blood pressures, and just 
] had increased wall thickness. We cannot exclude the 
possibility that the type of training experienced by the 
athletes may have influenced our findings. For example, 
football players constituted about 50% of the athletes 
with increased wall thickness; their vigorous program 
combined isotonic and isometric training that could 
have induced more striking changes in LV morpholo- 
gy.?9?? Body size did not appear to be a major determi- 
nant of increased wall thickness because differences in 
body surface area between athletes with and without 
absolute increases in LV thickness were small and ap- 
parently not of biological significance. Finally, it is con- 
ceivable that the prevalence of increased wall thickness 
in our study group may have been related to race in 
some way. It is possible that the available normal stan- 
dards for LV thickness are not equally applicable to all 
segments of the general population,!* and therefore it 
may not be entirely appropriate to relate LV thicknesses 
identified in black athletes to standards assembled from 
almost entirely white populations. Alternately, the rela- 
tively frequent occurrence of increased wall thickness 
may be due, in part, to racial differences in the cardiac 
response to physical conditioning. 

Regardless of the underlying etiology of our find- 
ings, the presence of this relatively large subgroup of 
athletes with absolute increase in LV thickness raises 
important and potentially confounding considerations 
related to the diagnosis of HC in black athletic popula- 
tions. 
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EDITORIALS 


The Cardiac Catheter: Past, Present and Future 


Charles E. Rackley, MD, and Lowell F. Satler, MD 


development in twentieth century medical prac- 

tice. Cardiac catheterization has been used to 
provide physiologic information on the function of the 
heart, to detect disease conditions and to treat coronary 
artery disease. Since the evolution of our understanding 
and treatment of cardiovascular disease has been 
shaped by catheterization, we will examine the past and 
present of the catheter with an eye toward potential fu- 
ture applications. 


Te cardiac catheter represents a major clinical 


THE PAST 

Although cannulation of the heart and blood vessels 
was the basis for physiologic studies of the isolated 
heart in animal experiments, human application devel- 
oped much later. Forssman conceived the idea of inser- 
tion of a tube in the venous system with advancement to 
the cardiac chambers, but lack of peer approval necessi- 
tated this courageous scientist to introduce the tube into 
his own vein and obtain an x-ray of his heart.! Subse- 
quently, Cournand,? Richards? Courand^ and their co- 
workers further explored the application of cardiac 
catheterization techniques in humans. These early ef- 
forts were confined to the right heart and pulmonary 
circulation, along with considerable effort to measure 
the cardiac output. Stead et al? used the technique to 
measure right-sided circulatory changes in congestive 
heart failure. In the late 1940s, Bing et alf cannulated 
the coronary sinus and obtained the earliest measure- 
ments of coronary blood flow as well as metabolic and 
substrate changes across the myocardium under a vari- 
ety of clinical conditions. In the 1950s, cardiac catheter- 
ization techniques were initially directed toward the di- 
agnosis of congenital heart disease with detection of in- 
tracardiac shunts. Advances then allowed entry into the 
left heart, initially using a transthoracic approach, later 
with the transseptal^? and, finally, with the retrograde 
technique for left ventricular catheterization. These 
technical achievements permitted additional hemody- 
namic information on valvular as well as congenital 
heart disease. In the early 1960s, Sones et al? demon- 
strated the feasibility of opacifying the coronary arteries 
with selective catheterization. Thus, these early explora- 
tory and developmental modifications in cardiac cathe- 
terization provided the basis for detection of congenital, 
valvular and coronary artery disease. In each of these 
situations, significant achievement was enhanced by the 
parallel development of corrective surgical techniques. 


From the Department of Medicine, Division of Cardiology, George- 
town University Hospital, Washington, DC. Manuscript received and 
accepted July 17, 1989. 

Address for reprints: Charles E. Rackley, MD, Division of Cardiol- 
ogy, Georgetown University Hospital, 3800 Reservoir Road, NW, 
Washington, DC 20007. 


1034 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 


THE PRESENT 

Current applications of cardiac catheterization are 
founded on the early development of studies in congeni- 
tal, valvular and coronary disease. A new clinical area 
was explored when catheterization techniques were in- 
troduced into the coronary care unit. Although earlier 
efforts had provided hemodynamic information from 
the right and left ventricles in patients with acute in- 
farction, development of the Swan-Ganz catheter was a 
major contribution in obtaining continuous hemody- 
namic information about left ventricular performance in 
acute myocardial infarction. In the early 1970s, 
DeWood et al!! demonstrated with cardiac catheteriza- 
tion that thrombus formation was present in 90% of pa- 
tients with acute myocardial infarction. This was short- 
ly followed by multiple investigators!?"!^ demonstrating 
the ability of thrombolytic agents to lyse the thrombus 
in the acutely occluded coronary artery. In the 1960s, 
Dotter et al!5!6 proposed the use of rigid dilators to en- 
large an area of stenosis in the peripheral arteries. This 
later was modified by Gruentzig et al in Europe by sub- 
stituting balloon catheters for dilation of peripheral," 
renal!? and ultimately coronary!’ arteries. 

In addition to cardiac catheterization techniques in 
acute myocardial infarction and chronic coronary artery 
disease, other important advances involved the quantita- 
tion of left ventricular dimensions, function and coro- 
nary anatomy. Dodge et al?” used biplane angiographic 
techniques for calculating left ventricular volumes, mass 
and function. Later, Brown et al?! applied biplane angi- 
ography to quantitate coronary arteries and stenotic 
lesions. The techniques of measuring coronary artery le- 
sions as well as flow patterns were used to estimate cor- 
onary flow reserve after injection of a potent vasodila- 
tor. 

Coronary artery bypass surgery, thrombolytic treat- 
ment of acute myocardial infarction and coronary angi- 
oplasty prompted a further need for repeat coronary ar- 
teriograms. Ischemic symptoms after bypass surgery, 
myocardial infarction or angioplasty often require re- 
peat coronary arteriography. Thus, coronary arteriogra- 
phy has remained a major technique for documenting 
anatomic changes in patients with ischemic heart dis- 
ease. 

Another important clinical contribution of cardiac 
catheterization has been the calibration of noninvasive 
technologies. Echocardiography with pulsed color 
Doppler provides estimates of chamber dimensions, wall 
thickness, valvular stenosis and valvular regurgitation, 
all of which have been calibrated by quantitative angi- 
ography. Radioisotopic methods for labeling red blood 
cells have permitted the measurement of ventricular 
function, chamber dimensions and myocardial perfu- 
sion. Magnetic resonance imaging and positron emission 


tomography have provided means of assessing the meta- 
bolic state of the heart. With such impressive advances 
in noninvasive technology and their impact on cardiac 
diagnosis and function, the future role of cardiac cathe- 
terization is now being questioned and examined. 


THE FUTURE 

In the field of interventional cardiology, cardiac 
catheterization techniques are expanding to explore the 
use of laser, atherectomy and rotary catheters. The 30% 
restenosis rate requires recatheterization for documen- 
tation of restenosis, since noninvasive studies are insen- 
sitive to rigid documentation of benefit. In addition to 
new techniques to dilate atheromatous lesions to prevent 
restenosis, early efforts are already being undertaken to 
infuse endothelial cells for transplantation on the de- 
nuded surface of the coronary arteries. Conceivably, 
stenotic lesions at the bifurcation of major epicardial 
arteries could be anatomically reduced with laser, ather- 
ectomy or rotational techniques, and the denuded sur- 
face could be protected with a stent covered with endo- 
thelial cells to prevent restenosis. Such achievements 
would have a major impact on the role of coronary ar- 
tery bypass surgery in the management of these pa- 
tients. 

In conjunction with the development of technology 
to mechanically disrupt coronary plaques, there is grow- 
ing momentum in the area of early detection of ather- 
omatous changes and abnormal vascular responses in 
the coronary circulation. Physiologic studies of the coro- 
nary arteries will become an important future research 
tool. Assessing the differences in vascular reactivity of 
normal and diseased arteries is a promising area that 
could contribute to our understanding of the progression 
of atherosclerosis. 

Initial studies of vasoreactivity revealed conflicting 
observations on the coronary response to acetylcho- 
line??-?7; however, recent reports have recognized vaso- 
dilation as a normal response and vasoconstriction as a 
response of a diseased artery.” The vasoconstrictive re- 
sponse to acetylcholine has even been observed in cardi- 
ac transplant patients within 12 months after surgery, 
before anatomic lesions in the vessels can be identi- 
fied.?? Thus, the assessment of normal versus abnormal 
coronary vessels can no longer be based on angiographic 
appearance. Pathologic studies?" and studies with epi- 
cardial echocardiography?! have additionally demon- 
strated that the “angiographically normal” vessel in pa- 
tients with atherosclerosis in the other coronary vessels 
may be diseased as well. The coronary angiographically 
normal artery in patients with 1- or 2-vessel coronary 
artery disease has now been shown to respond abnor- 
mally to an endothelium-dependent vasodilator, i.e., 
acetylcholine.*® Studies in dogs rendered atherogenic 
through a high cholesterol diet have shown vasoconstric- 
tion to acetylcholine only in the presence of atheroscle- 
rosis.?? | 

Recently, investigators at the University of Iowa 
demonstrated that dietary treatment of atherosclerosis 
in monkeys not only produced morphologic improve- 
ment of atherosclerotic lesions, but also restored endo- 


thelium-dependent vascular relaxation in response to 
acetylcholine to normal.? This suggests that dietary 
treatment, by potentially decreasing intracellular lipids 
within the atherosclerotic plaque, provides “functional 
regression" with improvement in functional abnormali- 
ties of the vessel wall. 

With the growing emphasis on risk factor recogni- 
tion and cholesterol screening, the feasibility of identify- 
ing abnormal vasoreactivity to acetylcholine to detect 
early coronary atherosclerosis must be examined. The 
role of coronary arteriography in ischemic heart disease 
has previously focused on stenotic lesions of >50% in 
diameter in the coronary arteries; however, its future 
role may rest on its ability to allow earlier recognition of 
atherosclerosis in the coronary arteries, permitting the 
initiation of more vigorous therapies to prevent progres- 
sion. Angioscopy through the cardiac catheter may ad- 
ditionally provide the earliest detection of cholesterol 
deposition into the fatty streak in the epicardial coro- 
nary artery. These are the plaques most likely to be 
amenable to regression, as their lipid core is smaller and 
probably more mobile. | 

By performing coronary arteriography in high risk 
patients, we may select groups of patients who need to 
be aggressively and meticulously followed regarding risk 
factor modification, including potential lowering of cho- 
lesterol levels to «150 mg/dl. Motivation for such indi- 
viduals would be provided by the identification of these 
early nonphysiologically significant plaques. Although 
some may argue against the invasive nature of this ap- 
proach in asymptomatic patients, there are no alterna- 
tive indexes of truly "silent" coronary artery disease. 
Most noninvasive studies are dependent on the fact that 
the plaques have become physiologically significant. Al- 
though effort is being applied to halt the progression or 
to induce the regression of angiographically visible coro- 
nary atherosclerosis, a more effective strategy may be 
the prevention of extensive damage in arteries with no 
angiographic evidence of disease. 

Conclusions: Although major contributions to the 
understanding of the physiology, diagnosis and treat- 
ment of cardiovascular diseases have been made using 
cardiac catheterization, challenging new frontiers may 
focus on silent progression of anatomic lesions, early de- 
tection of atherosclerosis in coronary prone patients 
and, finally, abnormal coronary vascular reactivity as a 
means of detecting and following these patients. Thus, 
the investigative and clinical contributions of the cardi- 
ac catheter will be limited in the future only by the 
imagination and inquiry of the clinical investigator and 
the cardiologist. 
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Left Ventricular Diastolic Dysfunction Evaluated 
by Doppler Echocardiography in Patients 
with Diabetes Mellitus 


Samuel Zoneraich, MD 


to the instantaneous diastolic pressure-volume re- 

lation. Abnormalities in diastolic function require 
evaluation of this relation by invasive techniques. Dopp- 
ler echocardiography noninvasively records the flow ve- 
locity profile, which reflects left ventricular filling pat- 
terns! comparable to the parameters obtained from ra- 
dionuclide? and angiographic studies.? 

Clinical correlates: Diastole is divided into 4 compo- 
nents: isovolumic ventricular relaxation, rapid filling, di- 
astasis and atrial contraction. Abnormalities in atrial 
contraction result from increased resistance to filling 
and elevated end-diastolic pressure producing a loud, 
audible S4. S4 is the Doppler counterpart of the tall A- 
velocity wave. S4 could be heard in over 50% of elderly 
patients with chronic systemic hypertension and in- 
creased ventricular mass in a recent study.^ In this 
group of patients the left ventricular end-diastolic di- 
mension is smaller while the left atrial size is not differ- 
ent from the control group. Left ventricular filling 
showed increased peak atrial velocity and reduced ratio 
of peak early to peak atrial velocity. 

Diastolic dysfunction was also found in hypertensive 
patients without cardiac hypertrophy. An audible S4 
can be elicited in a fairly high proportion of apparently 
normal persons, especially the elderly. Delayed relaxa- 
tion and increased diastolic stiffness are part of the ag- 
ing process. The rate of early filling diminishes whereas 
the atrial filling increases. The setting in which the atri- 
al sound and its counterpart, the A-velocity wave, occur 
usually resolves difficulties in interpretation. 

The rapid ventricular filling sound (S4) occurs when 
the rate of filling exceeds the ventricle's ability to ac- 
commodate the increasing blood volume. There may be 
a fusion of both S3 and S4 when diastole is short (i.e., 
the heart rate is rapid). Therefore when the heart rate is 
faster,? early and late velocity waves (E and A) cannot 
always be recorded separately by Doppler. 

Qualitative evaluation of diastolic dysfunction by 
M-mode echocardiogram: Routine evaluation of the M- 
mode echocardiogram is quite helpful in assessing dia- 


| eft ventricular diastolic function relates primarily 
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stolic dysfunction. A reduced E-F slope of a normal 
mitral valve suggests reduced left ventricular compli- 
ance. A tall A wave indicates elevated end-diastolic 
pressure. A very rapid E-F slope followed by abrupt ces- 
sation of flow accounts for further expansion in patients 
with constrictive and restrictive disease. Abnormal dia- 
stolic function evaluated by digitized M-mode echocar- 
diography revealed a prolongation of early diastolic rap- 
id filling in 53% of young insulin-dependent diabetic pa- 
tients free of hypertension or cardiac disease.’ 

Left ventricular filling abnormalities in diabetic pa- 
tients: During the last 2 decades clinical*-!! and sub- 
clinical'!-!* left ventricular dysfunction have been re- 
ported in diabetic patients free of coronary artery dis- 
ease. 19.14 

Recently, diastolic dysfunction has been documented 
by Doppler echocardiography in nearly 3096 of young 
diabetic subjects free of any evidence of clinical, electro- 
cardiographic or echocardiographic evidence of hyper- 
tension, valvular or ischemic heart disease.!5 Diastolic 
left ventricular dysfunction has also been reported in 60 
patients with adult-onset diabetes.!6 

Further evidence supporting left ventricular filling 
abnormalities in young insulin-dependent diabetic pa- 
tients is reported in this issue of the Journal by Paillole 
et al." In a carefully designed study, they describe a 
homogenous group of young diabetics in whom coro- 
nary artery disease was ruled out not only by history, 
electrocardiogram and exercise testing, but also by di- 
pyridamole myocardial scintigraphy. 

The heart rate in all patients was «100 beats/min. 
Sixty-nine percent of the diabetic patients had at least 2 
abnormalities including increases in isovolumic relaxa- 
tion time, pressure half-time, velocity integral of the 
atrial wave over the velocity integral of the entire mitral 
curve, and A/E ratio, whereas E peak velocity was re- 
duced. 

For the first time, Paillole et al used a new dimen- 
sion in evaluating left ventricular filling—aortic pulsed 
wave velocity—which turned out to be an early marker 
of atherosclerosis in young diabetic patients.!5 Aortic 
stiffness was significantly higher in the diabetic group 
(p <0.005). The question arises if such information 
should not be considered significant in evaluating dia- 
stolic dysfunction. During surgery, an acute increase in 
afterload by percutaneous aortic balloon valvuloplasty 
resulted in a rapid increase in left ventricular end-dia- 
stolic pressure. !? 
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Practical implications: The dynamic shifting in left 
ventricular filling abnormalities from early to advanced 
and late stages of diabetes is subtle and difficult to de- 
tect in diabetic patients. 

The abnormal Doppler filling patterns Paillole et 
al!7 detected in the group of 11 diabetic patients could 
serve as a baseline for follow-up. Treatment and hemo- 
dynamic variations often change Doppler filling pat- 
terns of the left ventricle and require close correlation 
with the stage of the disease. Thus, in the long range, 
we may be able to assess the therapeutic effects of insu- 
lin and possibly reach a long overdue conclusion as to 
the therapeutic and prophylactic effect of insulin on car- 
diovascular disease in diabetic patients. To that effect, 
new and better techniques of study, such as recording 
the isovolumic relaxation time with simultaneous pho- 
nocardiogram at 100 mm/s, is recommended.! Isovolu- 
mic relaxation relates not only to loading conditions and 
inactivation of muscle fibers but also to autonomic tone, 
which is frequently impaired in diabetes. 
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The number of patients experiencing adverse reactions was significantly less 
with ISOVUE than with ioxaglate. 


ADVERSE REACTIONS 


@6These results indicate that the 
nonionic contrast medium iopamidol is 
better tolerated than the ionic dimer 
ioxaglate m9b and coronary 


angiography. 9 






*A double-blind study involving 60 male patients (30 patients 
in each group) was conducted to compare the electrocardio- 
graphic and hemodynamic effects of ISOVUE and ioxaglate. 
Procedures studied were left ventriculography and selec- 
tive coronary angiography. There were no statistical differ- 
ences in age, severity of coronary artery disease, or LV 
function between each group. 


1 Wisneski JA, Gertz EW, Dahlgren M, Muslin A: Com- 

parison of low osmolality ionic (loxaglate) versus 
nonionic (lopamidol) contrast media in cardiac 
angiography. Am J Cardiol 1989; 63:487-495. 


Nonionic 

ISOVU E-3/0 (iopamidol injection 76%) 
Exhibits Less Impact 

on the Myocardium than 
lonic loxaglate 
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Compared to ess ri ISOVUE had no significant ECG effects during right 
coronary angiography. 
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ECG CHANGES 


66This report demonstrates that mild 

to moderate adverse reactions, QT inter- 
val prolongations, ST and T wave changes 
are significantly greater during coronary 
angiography with loxaglate compared with 
lopamidol. 





T  Aswith alli injectable contrast agents, the possibility of severe reactions 
should be borne in mind, regardless of patient's preexisting medical history. 


| E ? Data on file, Squibb Institute for Medical Research. 
EC See following page for brief summary of prescribing information. 
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(iopamidol injection 76%) 
The Molecule Makes the Difference 


SQUIBB" 


Diagnostics 


ISOVUE"-200 
lopamidol Injection 41% 


ISOVUE"-300 
lopamidol Injection 61% 


ISOVUE' -370 
lopamidol Injection 76% 


CONTRAINDICATIONS —None. 


WARNINGS —Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less 
than ionic contrast media. Clotting has been reported when blood remains in contact 
with syringes containing nonionic contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke 
have been reported during angiographic procedures with both ionic and nonionic con- 
trast media. Therefore, meticulous intravascular administration technique is necessar y, 
particularly during angiographic procedures, to minimize thromboembolic events. 
Numerous factors, including length of procedure, catheter and syringe material, under- 
lying disease state, and concomitant medications may contribute to the development of 
thromboembolic events. For these reasons, meticulous angiographic techniques are 
recommended including close attention to guidewire and catheter manipulation, use of 
manifold systems and/or three way stopcocks, frequent catheter flushing with hepa- 
rinized saline solutions, and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not eliminate the 
likelihood of in vitro clotting. 

Use caution in patients with severely impaired renal function, combined renal and 
hepatic disease, or anuria, particularly when larger doses are administered. Radiopaque 
diagnostic contrast agents are potentially hazardous in patients with multiple myeloma 
or other paraproteinemia, particularly in those with therapeutically resistant anuria. It has 
been speculated that the combination of the contrast agent and dehydration may be 
causative of anuria in myelomatous patients. This risk is not a contraindication; however, 
special precautions are required. Contrast media may promote sickling in individuals 
who are homozygous for sickle cell disease when injected intravenously or intra- 
arterially. Administration to patients known or suspected of having pheochromocytoma 
should be performed with extreme caution. If the possible benefits outweigh the con- 
sidered risks, the procedures may be performed; however, the amount of the medium 
injected should be kept to an absolute minimum. Assess blood pressure throughout the 
procedure and have measures for treatment of a hypertensive crisis available. Monitor 
such patients very closely. Use caution in patients with hyperthyroidism or with an 
autonomously functioning thyroid nodule because of risk of thyroid storm. 


PRECAUTIONS: General—Diagnostic procedures should be carried out under the di- 
rection of personnel with the prerequisite training and a thorough knowledge of the par- 
ticular procedure to be performed. Appropriate facilities should be available for coping 
with any complication of the procedure, or for emergency treatment of severe reaction 
to the agent itself. After parenteral administration, competent personnel and emergency 
facilities should be available for at least 30 to 60 minutes since severe delayed reactions 
may occur. Preparatory dehydration is dangerous and may contribute to acute renal 
failure in susceptible patients. Patients should be well hydrated prior to and following 
administration. Reactions to the medium, including serious, life-threatening, fatal, ana- 
phylactoid or cardiovascular reactions, should always be considered (see ADVERSE 
REACTIONS in the product package insert). Patients at increased risk include those 
with a history of a previous reaction to a contrast medium, a known sensitivity to iodine 
per se, and a known clinical hypersensitivity (bronchial asthma, hay fever, and food al- 
lergies). Pretesting cannot be relied upon to predict severe reactions and may itself be 
hazardous for the patient. A thorough medical history with emphasis on allergy and 
hypersensitivity prior to the injection of any contrast medium may be more predictive 
and accurate than pretesting. Premedication with antihistamines or corticosteroids to 
avoid or minimize possible allergic reactions in such patients should be considered. 
General anesthesia may be indicated in some procedures in selected patients; how- 
ever, a higher incidence of adverse reactions has been reported in anesthetized patients, 
which may be attributable to the inability of the patient to identify untoward symptoms, 
or to the hypotensive effect of anesthesia which can reduce cardiac output and increase 
the duration of exposure to the agent. Even though the osmolality is low compared to 
diatrizoate or iothalamate based ionic agents of comparable iodine concentration, the 
potential transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. Observe these patients for several hours 
following the procedure. In angiographic procedures, be aware of the possibility of 
dislodging plaques or damaging or perforating the vessel wall during catheter manipu- 
lations and contrast medium injection. Test injections to ensure proper catheter place- 
ment are suggested. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have 
been shown, in vitro, to be less than ionic contrast media at comparable concentrations. 
For this reason, standard angiographic procedures should always be followed: angio- 
graphic catheters should be flushed frequently, and prolonged contact of blood with 
contrast in syringes and catheters should be avoided. Perform selective coronary arteri- 
ography only in those in whom the expected benefits outweigh the procedural risk. The 
inherent risks of angiocardiography in patients with chronic pulmonary emphysema 
must be weighed against the necessity for performing this procedure. Angiography 
should be avoided whenever possible in patients with homocystinuria, because of the 
risk of inducing thrombosis and embolism. 

In addition to the general precautions previously described, special care is required 
when venography is performed in patients with suspected thrombosis, phlebitis, severe 
ischemic disease, local infection or a totally obstructed venous system. 

Extreme caution during injection of contrast media is necessary to avoid extravasa- 
tion and fluoroscopy is recommended. This is especially important in patients with 
severe arterial or venous disease. 


Drug Interactions—Renal toxicity has been reported in a few patients with liver dysfunc- 
tion who were given oral cholecystographic agents followed by intravascular contrast 
agents. Administration of intravascular agents should therefore be postponed in any 
patient with a known or suspected hepatic or biliary disorder who has recently received 
a cholecystographic contrast agent. Other drugs should not be admixed with iopamidol. 


Drug/Laboratory Test Interactions—PBl and radioactive iodine uptake studies will not 
accurately reflect thyroid function for up to 16 days following administration, however T3 
resin uptake and total or free thyroxine (T4) assays are not affected. Any test which 
might be affected by contrast media should be performed prior to administration of the 
contrast media. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—In animal reproduction studies 
performed on rats, intravenously administered iopamidol did not induce adverse ef- 
fects on fertility or general reproductive performance. In studies to determine muta- 
genic activity, iopamidol did not cause any increase in mutation rates. 


Pregnancy Category B—No teratogenic effects attributable to iopamidol have been 
observed in teratology studies performed in animals. There are, however, no adequate 
and well controlled studies in pregnant women. It is not known whether iopamidol crosses 
the placental barrier or reaches fetal tissues. Because animal studies are not always 
predictive of human response, this drug should be used during pregnancy only if clearly 
needed. Radiologic procedures involve a certain risk related to the exposure of the 
fetus to ionizing radiation. 


Labor and Delivery—It is not known whether use during labor or delivery has immediate 
or delayed adverse effects on the labor, the delivery or the newborn. 


Nursing Mothers—lt is not known whether iopamidol is excreted in human milk. Use 
caution when contrast media are administered to nursing women because of potential 
adverse reactions; consideration should be given to temporarily discontinuing nursing. 


Pediatric Use—Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS Usually mild to moderate, self-limited and transient. In angio- 
cardiography (597 patients), the adverse reactions with an estimated incidence of one 
percent or higher are: hot flashes 3.4%; angina pectoris 3.096; flushing 1.8%; brady- 
cardia 1.396; hypotension 1.096; hives 1.096. Intravascular injection is frequently associ- 
ated with the sensation of warmth and pain, especially in peripheral arteriography and 
venography; pain and warmth are less frequent and less severe with ISOVUE (iopamidol 
injection) than with diatrizoate meglumine and diatrizoate sodium injection. The follow- 
ing table of incidence of reactions is based on clinical studies with ISOVUE in about 
1941 patients. 


Adverse Reactions 


Estimated Overall Incidence 
> 1% 


none 


System < 1% 


tachycardia 
hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophlebitis 
vasovagal reaction 
tingling in arms 
grimace 

faintness 

vomiting 

anorexia 

throat constriction 
dyspnea 

pulmonary edema 
rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chills 

excessive sweating 
back spasm 

taste alterations 
warmth in throat/arms/chest 
nasal congestion 
visual disturbances 
urinary retention 


Cardiovascular 


Nervous pain (2.8%) 


burning sensation (1.4%) 


Digestive nausea (1.2%) 


Respiratory none 


Skin and Appendages none 


Body as a Whole hot flashes (1.5%) 


Special Senses warmth (1.1%) 


Urogenital none 


Regardless of the agent employed, overall estimated incidence of serious adverse 
reactions is higher with coronary arteriography than with other procedures. Cardiac 
decompensation, serious arrhythmias, or myocardial ischemia or infarction may occur 
during coronary arteriography and left ventriculography. Following coronary and ventric- 
ular injections, certain electrocardiographic changes (increased QTc, increased R-R, 
T-wave amplitude) and certain hemodynamic changes (decreased systolic pressure) 
occurred less frequently with ISOVUE (iopamidol injection) than with diatrizoate 
meglumine and diatrizoate sodium injection; increased LVEDP occurred less frequently 
after ventricular iopamidol injections. In aortography, the risks of procedures also in- 
clude injury to the aorta and neighboring organs, pleural puncture, renal damage in- 
cluding infarction and acute tubular necrosis with oliguria and anuria, accidental selective 
filling of the right renal artery during the translumbar procedure in the presence of pre- 
existing renal disease, retroperitoneal hemorrhage from the translumbar approach, and 
spinal cord injury and pathology associated with the syndrome of transverse myelitis. 
Adverse effects reported in literature include arrhythmia, arterial spasms, hematuria, 
periorbital edema, involuntary leg movement, malaise, and triggering of deglutition; some 
of these may be procedural. Other reactions due to procedural hazards include hemor- 
rhage or pseudoaneurysms at the puncture site, brachial plexus palsy following axillary 
artery injections, chest pain, myocardial infarction, and transient changes in hepatorenal 
chemistry tests; and rarely arterial thrombosis, displacement of arterial plaques, ve- 
nous thrombosis, dissection of the coronary vessels and transient sinus arrest. 


General Adverse Reactions To Contrast Media—Reactions known to occur with paren- 
teral administration of iodinated ionic contrast agents (see the listing below) are possible 
with any nonionic agent. Life-threatening reactions and fatalities, mostly of cardiovas- 
cular origin, have occurred. Reported incidences of death from the administration of 
other iodinated contrast media range from 6.6 per 1 million (0.00066%) to 1 in 10,000 
patients (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the main 
feature being cardiac arrest with cardiovascular disease as the main aggravating factor. 
Isolated reports of hypotensive collapse and shock (est. 0.005%) are found in the litera- 
ture. Experience with iopamidol suggests there is much less discomfort (e.g., pain and/or 
warmth) with peripheral arteriography. Fewer changes are noted in ventricular function 
after ventriculography and coronary arteriography. The reported incidence of adverse 
reactions to contrast media in patients with a history of allergy is twice that for the 
general population; patients with a history of previous reactions to a contrast medium 
are three times more susceptible. Most reactions to intravascular contrast agents ap- 
pear within 1-3 minutes after the start of injection, but delayed reactions may occur (see 
PRECAUTIONS, General). Adverse reactions reported with other intravascular contrast 
agents and theoretically possible with iopamidol include: Cardiovascular: vasodilation, 
cerebral hematomas, petechiae; Nervous: paresthesia, dizziness, convulsions, paraly- 
sis, coma; Respiratory: increased cough, asthma, laryngeal edema, pulmonary edema, 
bronchospasm, rhinitis; Skin and Appendages: injection site pain usually due to extrav- 
asation and/or erythematous swelling, skin necrosis; Urogenital: osmotic nephrosis of 
proximal tubular cells, renal failure, pain; Special Senses: bilateral ocular irritation; lac- 
rimation; conjunctival chemosis, infection, and conjunctivitis; Other: neutropenia, throm- 
bophlebitis, flushing, pallor, weakness, severe retching and choking, wheezing, cramps, 
tremors, and sneezing. 


For full prescribing information consult package insert. (J3-652G) 





As with all injectable contrast agents, the possibility of severe reactions should be 
borne in mind, regardless of patient's preexisting medical history. See full prescribing 
information for contraindications, warnings, precautions and adverse reactions. 


Under license from Bracco Industria Chimica S.p.A. U.S. Patent 44,001,323 
619-501 


© 1989 E.R. Squibb & Sons, Inc., Princeton, NJ Issued: July 1989 
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3,/4] patients 
97 patients 
51 patients 
54 patients 


22 patients 


43 patients 


Constipation, which can be easily managed in most patients, IS 
the most frequently reported side effect of Calan SR. 


*For adult hypertensives onl 
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ood pressure [DBP <90 mm 9) in an open, multicenter, 6-week study. 
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97 patients (18-70 years) with mild, moderate, severe, and isolated systolic 







ONCE-A-DAY 


(láiis 
verapamil HCI 


SUSTAINED-RELEASE CAPLETS 
BRIEF SUMMARY 


Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 
2nd- or 3rd-degree AV block (if no pacemaker is present), atrial flutter/fibrillation with an 
accessory bypass tract (eg, WPW or LGL syndromes), hypersensitivity to verapamil. 
Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection 
fraction < 30%) or moderate to severe symptoms of cardiac failure and in patients with 
any degree of ventricular dysfunction if they are receiving a beta-blocker. Control milder 
heart failure with optimum digitalization and/or diuretics before Calan SR is used. Verapamil 
may occasionally produce hypotension. Elevations of liver enzymes have been reported. 
Several cases have been demonstrated to be produced by verapamil. Periodic monitoring 
of liver function in patients on verapamil is prudent. Some patients with paroxysmal and/ 
or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL 
syndromes) have developed an increased antegrade conduction across the accessory 
pathway bypassing the AV node, producing a very rapid ventricular response or ventricular 
fibrillation after receiving I. V. verapamil (or digitalis). Because of this risk, oral verapamil is 
contraindicated in such patients. AV block may occur (2nd- and 3rd-degree, 0.8%). 
Development of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
requires reduction in dosage or, rarely, discontinuation and institution of appropriate therapy. 
Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe 
hypotension were seen in some critically ill patients with hypertrophic cardiomyopathy who 
were treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic 
function {in severe dysfunction use about 30% of the normal dose) or impaired renal 
function, and patients should be monitored for abnormal prolongation of the PR interval or 
other signs of overdosage. Verapamil may decrease neuromuscular transmission in patients 
with Duchenne's muscular dystrophy and may prolong recovery from the neuromuscular 
blocking agent vecuronium. It may be necessary to decrease verapamil dosage in patients 
with attenuated neuromuscular transmission. Combined therapy with beta-adrenergic block- 
ers and verapamil may result in additive negative effects on heart rate, atrioventricular 
conduction and/or cardiac contractility; there have been reports of excessive bradycardia 
and AV block, including complete heart block. The risks of such combined therapy may 
outweigh the benefits. The combination should be used only with caution and close 
monitoring. Decreased metoprolol clearance may occur with combined use. Chronic verap- 
amil treatment can increase serum digoxin levels by 50% to 75% during the first week of 
therapy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, verapamil 
may reduce total body clearance and extrarenal clearance of digitoxin. The digoxin dose 
should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
will usually have an additive effect in patients receiving blood-pressure-lowering agents. 
Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
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Teh om percent of 3 Tél patients 30-70 years) with mild, moderate, and severe hypertension achieved 





W Ar achieved goal blood pressure (DBP <95 mm Hg) in an open, multicenter, 12-week titration 

study. 

§Eighty-four percent of 3! potions (21-75 years) with mild to moderate hypertension achieved goal blood 

ressure E P <90 mm Ha or a fall of at least 15 mm Hg) in a 4-month, double-blind, randomized study. 3 

//In a double-blind, forced dose titration comparative study of black patients (18-70 years) with mild to 
moderate hypertension, 83% of those randomized to Calan SR (n = 54) at a dosage of 360 mg/day 
achieved goal blood pressure (DBP <90 mm Hg or 10 mm Hg reduction) 4 

Ceres ercent of 22 patients with mild to moderate hypertension achieved goal blood pressure (DBP 
— 90 mm Hg after 4 weeks of treatment) in a single-blind comporative trial. 

#Eighty-eight percent of 43 patients (21-70 years) with mild to moderate hypertension achieved goal blood 
pressure [DBP =~ 90 mm Hg ora fall of at least 15 mm Hg) in a 4-month, ouble-blind, randomized study. 


administration. Concomitant use of flecainide and verapamil may have additive effects on 
myocardial contractility, AV conduction, and repolarization. Combined verapamil and quini- 
dine therapy in patients with hypertrophic cardiomyopathy should be avoided, since 
significant hypotension may result. Concomitant use of lithium and verapamil may result in 
a lowering of serum lithium levels or increased sensitivity to lithium. Patients receiving both 
drugs must be monitored carefully. Verapamil may increase carbamazepine concentrations 
during combined use. Rifampin may reduce verapamil bioavailability. Phenobarbital may 
increase verapamil clearance. Verapamil may increase serum levels of cyclosporin. Concom- 
itant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular 
blocking agents (curare-like and depolarizing); dosage reduction may be required. Adequate 
animal carcinogenicity studies have not been performed. One study in rats did not suggest 
a tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy 
Category C. There are no adequate and well-controlled studies in pregnant women. This 
drug should be used during pregnancy, labor, and delivery only if clearly needed. Verapamil 
is excreted in breast milk; therefore, nursing should be discontinued during verapamil use. 
Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension 
(2.5%), headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), 
dyspnea (1.4%), bradycardia: HR < 50/min (1.4%), AV block: total 1°,2°,3° (1.2%), 2° 
and 3° (0.8%), rash (1.2%), flushing (0.6%), elevated liver enzymes. The following reactions, 
reported in 1.0% or less of patients, occurred under conditions where a causal relationship 
is uncertain: angina pectoris, atrioventricular dissociation, chest pain, claudication, myocar- 
dial infarction, palpitations, purpura (vasculitis), syncope, diarrhea, dry mouth, gastrointes- 
tinal distress, gingival hyperplasia, ecchymosis or bruising, cerebrovascular accident, con- 
fusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic symptoms, 
shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules, 
sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gy- 
necomastia, increased urination, spotty menstruation, impotence. 2/9/89 - A88-W5282V-1 
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Comparison of Exercise Test Responses Before and After Either 
Percutaneous Transluminal Coronary Angioplasty or 


Coronary Artery Bypass Grafting 


Paul Dubach, MD, Kenneth G. Lehmann, MD, and Victor F. Froelicher, MD 


oronary artery bypass grafting (CABG) is an accept- 

ed procedure for the management of patients with 
angina pectoris refractory to medical treatment. It has 
also been documented to improve survival in selected 
patients.!-? Percutaneous transluminal coronary angio- 
plasty (PTCA) has become a widely used alternative to 
CABG.^ Gruntzig et al? initially advocated the use of 
PTCA only for patients with a discrete stenosis of a single 
coronary artery, but the application of coronary angio- 
plasty to narrowings in more than 1 coronary artery has 
recently increased^ó and encouraging results have been 
reported.’ The usefulness of exercise testing before and 
after interventions or treatments to document results is 
obvious.9?5 Because PTCA is now routinely applied in 
multivessel disease, such a comparison can indeed be very 
helpful in the clinical choice of revascularization proce- 
dures. This report compares the exercise responses in 
patients who have had clinically successful revasculariza- 
tions. 


From the Long Beach Veterans Administration Medical Center, Cardi- 
ology (111C), 5901 East Seventh Street, Long Beach, California 90822. 
Manuscript received July 17, 1989; revised manuscript received and 
accepted July 27, 1989. 

Dr. Dubach's present address: Medizinische Abteilung, Kantons- 
spital, Switzerland. i 


Medical publications were reviewed for studies re- 
porting exercise testing both before and after revascular- 
ization with CABG or PTCA. Twenty-seven reports were 
found and their results summarized in Table I. Medica- 
tion status, percent with multivessel disease and meth- 
ods of exercise capacity measurement differed between 
studies. However, the results could be tabulated to per- 
mit comparison. As shown in Table I, more than twice as 
many patients had multivessel disease in the CABG 
studies than in the PTCA studies. Hemodynamic im- 
provements and lessening of ischemia during exercise 
testing were comparable in both groups. 

In assessing therapeutic approaches, there are multi- 
ple considerations including efficacy, cost, convenience 
and safety. Currently, in treating multivessel coronary 
artery disease, the choices for revascularization include 
both PTCA and CABG. Only CABG, however, has been 
shown to improve survival in certain anatomic subsets of 
patients. !-3 

Efficacy of an intervention can be assessed noninva- 
sively by exercise testing since signs and symptoms of 
ischemia can be demonstrated and exercise capacity can 
be measured. Table I summarizes the important points of 
the most complete studies that compared the before and 
after exercise test variables in patients who underwent 


TABLE I Review of the Studies That Included Exercise Testing Both Before and After Either PTCA or CABG 


Exercise 
Multi- Capacity 
Vessel 
Disease (%) Before 


Medication A (96) 


PTCA 
Rod? 
Suzuki! 
Rosing!!.16 
Kent* 
Scholl!4 
Meier!? 
Gruenzig? 
Vandormael® 
| Total 


BB and Dig NR 
Off BB, Dig, Nit 
Off BB, Dig, Nit 


47% APN 
Off medications 6.2 min 


Average 


CABG 
Quiney?^ 
Gohlke?°.2! 
Hultgren?2.23 


Abn 
ST-Segment 
Response (%) 


Maximal 
Double 
Product 


Maximal 
Heart 
Rate (bpm) 


Angina 
Pectoris 
During ET (96) 
Before After Before After 


Before After 


(1.0 mm, 0.2 mm) 


Bartel!? 
Kloster26 
Lapin!8 


Dig and BB NR 
NA 
NA 


Frick25 
Meier!2 
Total 


BB and Nit NR 
NA 
Average 


100 Decrease (2.8 mm, 1.5 mm) 
4l 29 82 14 
80 18 70 35 

Abn = abnormal; APN = age-predicted exercise capacity; BB = 8 blockers; bpm = beats /min; Dig = digoxin; ET = exercise test; NA = not available; Nit = nitrates; NR = not d- 
ed; maximal double product = systolic blood pressure X heart rate at maximal X 103; METs = 3.5 cc O2/kg/min mean maximal heart rate (in bpm); — - not done. ror 


68 watts 
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either PTCA or CABG. As can be appreciated, there is 
great variability in the results reported, especially in the 
reduction of angina pectoris and in the normalization of 
the ST segment. This is due to the problems inherent in 
such comparisons, including differences in medications, 
percentage of patients with multivessel disease, interval 
between intervention and testing, and experience of the 
individuals performing the revascularization procedures. 
With regard to medications, digoxin can cause ST-seg- 
ment depression not due to ischemia or alter the amount 
of ST depression relative to the double product. Also, 8 
blockers can alter the ST response relative to double 
product and ameliorate angina with or without altering 
the ST-segment response. 

Despite the much lower percentage of patients with 
multivessel disease included in the PTCA groups (28 vs 
8096 in the CABG group), the average reduction in angi- 
na pectoris and in ST-segment depression in the pooled 
studies are similar: 49% in angina and 40% in ST-seg- 
ment depression after PTCA and 50% in angina and 35% 
in ST-segment depression after CABG (Table I). Meier 
et al? have provided the only data comparing the exercise 
test results in patients who have undergone PTCA 
to those who have undergone CABG. However, their 
CABG group was composed of patients in whom PTCA 
failed. Thus, the patients were not primarily assigned to 
CABG. Those patients who underwent PTCA had a 
higher work capacity 1, 2 and 3 years after revasculariza- 
tion compared with the CABG group. It is difficult to 
generalize their results or contrast them with other stud- 
ies. 

Ideally, exercise test variables should be obtained im- 
mediately after CABG or PTCA respectively in order to 
have comparable situations. It has been demonstrated 
that within 5 to 6 months after PTCA, 30 to 35% of the 
dilated vessels restenose.?? After CABG, about 10 to 15% 
of the grafts are occluded in the first 6 months.?? But 
whereas after PTCA patients will be able to perform a 
symptom-limited exercise test within days after the pro- 
cedure,” after CABG patients will only be able to do so 
weeks or months after the operation, during which time 
the highest rate of early graft occlusions is reported.*° 

The evaluation of success of a therapeutic procedure is 
related to the technical and clinical goals set for that 
procedure and this may be different for PTCA and 
CABG. In a patient with stable angina pectoris for in- 
stance, the goal is the elimination of exertional pain. In an 
elderly patient with associated noncardiac disease in 
whom coronary artery bypass surgery would be too haz- 
ardous, the goal may be to reduce the severity of angina 
pectoris to acceptable levels. When PTCA is used for 
treating unstable angina, baseline exercise test data are 
usually not available. 

This report suggests that CABG and PTCA result in a 
similar decrease in the signs and symptoms of exercise- 
induced ischemia. However, the severity of coronary nar- 
rowing was milder in those who underwent PTCA. 
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Coronary Angioplasty Using the Probing Catheter in Combination 


with the Probe™ Balloon Wire 


Peter den Heijer, MD, Rene B. van Dijk, MD, Harry J.G.M. Crijns, MD, Jos J. Groeskamp, 


and K.l. Lie, MD 


he Probe™ (USCI) “Balloon-on-a-Wire™” is a 

percutaneous transluminal coronary angioplasty 
(PTCA) catheter that offers extremely low deflated pro- 
files! to allow its passage through very high grade steno- 
ses, thereby increasing primary success rates.? However, 
some drawbacks have been reported, which are a conse- 
quence of the single lumen, fixed wire construction.?? 
The major shortcoming of the Probe may well be its 
inability to be exchanged over a wire for another catheter 
without having to recross the lesion. This frustrates the 
exchange for a larger balloon size if a dilatation has been 
inadequate. Furthermore, it eliminates the positioning of 
a "bailout" perfusion or infusion catheter? in case of an 
acute occlusion after PTCA. Distal pressure measure- 
ments or contrast injections are impossible because of the 
lack of a distal port. Recently, the probing catheter 
(USCI) has been introduced. This device is a 4Fr sheath 
designed for use with the Probe (Figure 1). The combined 
use of the probing catheter and the Probe seems to be the 
solution to the aforementioned problems, and may in 
addition enhance the Probe's performance in terms of 
steerability, pushability and ability to cross subtotal or 
total occlusions. 

PTCA with the combined use of the Probe and the 
probing catheter was performed for 39 high grade lesions 
in 32 patients (25 men, 7 women, mean age 63 + 8 years). 
The initial results are listed in Table I. In all patients the 
probing catheter was loaded with the Probe before the 
PTCA. (The probing catheter has an inner and an outer 
catheter. The inner catheter was removed before the 
PTCA and only the outer catheter was used.) In most 
cases (23 patients) this sheath remained in the guiding 
catheter during the angioplasty, with its tip just proxi- 
mal to the guiding catheter tip. Thus, the probing cathe- 
ter served as a standby bailout device in case an occlusion 
occurred in these patients. Immediately after the angio- 
plasty, distal dye injections and distal pressure measure- 
ments were performed using the probing catheter. For 
this purpose, the probing catheter was advanced over the 
Probe into the coronary artery, after which the Probe was 
withdrawn from the patient. Some friction was always 
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TABLE lI Initial Results 


Initial success rate (96) 91 (n = 29/32) 














Emergency bypass grafting (96) 3 (n = 1/32) 
Myocardial infarction (%) 3 (n = 1/32) 
Inability to cross lesion (%) 3 (n = 1/32) 






Successful canalization of distal coronary 
artery with probing catheter (%) 

Mean pressure gradient 

after PTCA (mm Hg) 


92 (34/39 lesions) 







12 (range 0—60) 






Probing Catheter 





FIGURE 1. Schematic drawing of the Probe and probing cath- 





FIGURE 2. Distal contrast injection through the probing cath- 
eter in the right coronary artery after dilatation of a proximal 
lesion. The Probe was advanced into the distal part of the 
vessel. The tip-marker of the probing catheter is visible in 
the mid-portion of the artery. 
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BRIEF REPORTS 


encountered at the passage of the probing catheter tip 
over the deflated Probe balloon, particularly with the 
3.0-mm Probe. In some instances it was necessary to 
rotate the Probe by means of its torque device while 
pulling it back into the probing catheter. In 1 patient, the 
probing catheter was not able to track the Probe into a 
circumflex artery. We did not observe any complications 
caused by advancing the probing catheter over the bal- 
loon wire through the dilated lesion. In all other at- 
tempts satisfactory distal pressures (Table I) and dye 
injections were obtained. In some patients a large pres- 
sure gradient was observed even after an angiographical- 
ly successful dilatation, probably as a consequence of the 


D 





relatively large diameter of the probing catheter (4Fr = 
1.35 mm). Test inflations of the Probes after extraction 
from the probing catheters showed no leaks. 

In 3 patients, we also obtained satisfactory distal 
contrast injections (Figure 2) and pressure measure- 
ments through the probing catheter with the balloon wire 
still in its lumen. The balloon was pushed into the distal 
part of the coronary artery to cross the dilatation site 
with the probing catheter in these 3 patients. The patient 
referred for emergency bypass grafting had a large inti- 
mal dissection in the left anterior descending artery after 
PTCA. In this case, the probing catheter was used as a 
bailout device. The occluded vessel was perfused until 


FIGURE 3. Recanalization of an occluded right coronary artery using the Probe and the probing catheter. A, angiogram taken 
before the PTCA shows a total occlusion of the artery. B, the Probe is advanced up to the site of the occlusion. The tip-wire 
cannot cross the occlusion due to lack of pushability. C, the Probe's tip-wire is supported by the probing catheter. Its tip- 
marker is visible near the tip of the balloon wire. D, the lesion could easily be crossed with the Probe supported by the probing 
catheter. As shown, the inflated balloon wire after the probing catheter has been withdrawn into the guiding catheter. 


E, angiogram taken after the recanalization. 
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the operation with arterial blood through the probing 
catheter by means of a 20-cc syringe and a 3-way valve. 
After the operation, there was no evidence of a subse- 
quent myocardial infarction. In 4 patients, the probing 
catheter was used to enhance the pushability of the 
Probe after failure to cross a very tight.stenosis. For this 
purpose, the probing catheter was advanced over the 
Probe up to the lesion to support the floppy wire tip of 
the Probe. This technique is similar to that of supporting 
a floppy wire with a balloon catheter when using a con- 
ventional over-the-wire system. A successful PTCA was 
made possible in 3 of these 4 patients using this method. 
The same technique was used in 4 patients for recanali- 
zation of a total occlusion (Figure 3). In 2 of these 4 
patients, the probing catheter also allowed selective in- 
tracoronary streptokinase infusion. In 1 patient, the 
probing catheter was used to improve the trackability of 
the Probe's balloon and "neck extension" when entering 
a small diagonal branch. An exchange for another 
PTCA catheter was performed in 2 patients. In one, a 
2.5-mm Probe was exchanged for a 3.0-mm Probe, and 
in the other an exchange wire was introduced and was 
followed by an over-the-wire PTCA catheter. The prob- 
ing catheter eliminated the need to recross the lesion in 
these 2 patients. 

It was demonstrated in this series that the probing 
catheter can be safely advanced over a deflated Probe 
into the coronary arteries, in the same way as a PTCA 
balloon tracking a guidewire. This technique can be used 
for the following applications: (1) the probing catheter 
can serve as a bailout device in case of an acute occlusion, 
either by using it as a perfusion system or by making it 
possible to introduce an exchange wire followed by a 
bailout catheter with side holes^; (2) distal pressure mea- 
surements, although these may be unreliable in relatively 
small vessels; (3) distal dye injections; (4) pushability and 





trackability improvement of the Probe, with its flexible 
*neck extension," balloon and floppy wire tip supported 
by the probing catheter. This technique increases the 
ability to cross extremely tight lesions and to negotiate 
tortuous vessels; (5) recanalization of totally occluded 
vessels, accomplished by the combined use of the probe 
and the probing catheter; (6) subselective intracoronary 
infusion of thrombolytic agents; and (7) exchange for 
another Probe or for an over-the-wire system without the 
need to recross the stenosis. 

The probing catheter may well expand the indications 
for using a Probe PTCA catheter, particularly because 
those who consider a fixed-wire system less safe than an 
over-the-wire system now still have access to the coronary 
arteries even after an acute occlusion caused by a major 
dissection. The aforementioned experience with this cath- 
eter system does not pretend to be a comparative study 
with other techniques. However, it appears that the com- 
bination of these 2 catheters permits much the same 
handling as an over-the-wire system. The limitations of 
this combination are the Probe's suboptimal torque con- 
trol, the poorer proximal contrast injections if compared 
with those with only a Probe in the guiding catheter and, 
possibly, the probing catheter's suboptimal trackability. 
Nevertheless, the combination of a balloon wire and the 
probing catheter can be considered a first-choice PTCA 
system for a large number of patients. 
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immediate Improvement in Left Ventricular Function 
After Cardioversion of Atrial Flutter 


James N. Karnegis, MD, PhD, John J. Matoole, MD, 


C. studies in small groups of patients, 
often consisting of children and young adults without 
known underlying cardiac disease, have demonstrated 
that supraventricular tachycardia may be associated with 
marked left ventricular dysfunction and that significant 
improvement may follow correction of the tachycardia.!- 
? However, it is not known how quickly myocardial func- 
tion can improve after termination of the tachycardia, or 
if improvement will occur in older patients who have 
underlying cardiac disease. The response of left ventricu- 
lar wall motion to correction of the tachycardia also has 
not been evaluated. 
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and Vincent G. Bjorling, MD 


We studied 11 men with atrial flutter for whom elec- 
tive cardioversion had been recommended. This rhythm 
was chosen so that the heart would be sustaining a very 
rapid supraventricular rate. Only patients with an essen- 
tially constant ventricular response were selected. The 
protocol had been approved by the appropriate hospital 
committees. Each patient provided informed consent. 
Gate-synchronized equilibrium blood pool radionuclide 
angiograms were done with the patient in the left anterior 
oblique position. The left ventricular wall was divided 
into septal, apical and posterolateral segments. Systolic 
wall motion was scored as 0 = normal motion; 1 = small 
localized abnormality; and 2, 3 and 4 — systolic wall 
motion abnormality in 1, 2 or 3 segments, respectively. 
The ejection fraction was automatically calculated using 
the Gamma 11 computer program. A change in ejection 
fraction of at least 5% was considered significant. 
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on Chest X-Ray 
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. | TABLE ll Hemodynamic Data Before and After Cardioversion of Atrial Flutter 
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Radionuclide angiograms were done in all patients 
before and immediately after cardioversion. In 7 patients 
angiograms were also recorded immediately after the 
intravenous administration of the amnesic agent diaze- 
pam and before cardioversion. Cardioversion was done 
with the same electrode placement using the Physiocon- 
trol Lifepak 7 set at 200, 300 or 400 J. The initial setting 
was selected to minimize the number of attempts at 
cardioversion and to have relatively similar energy levels 
for each patient. In 4 patients an additional late study 
was done in 8 to 17 (mean 14) days. 
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FIGURE 1. Comparison of ejection fraction (96) measured at 
baseline, immediately after cardioversion of atrial flutter and 
at follow-up after a mean of 14 days. 
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The clinical data are summarized in Table I. The 
blood electrolytes were normal in each patient. The base- 
line atrial rate ranged from 176 to 468 (mean 265) beats/ 
min (Table II). The atrial flutter showed 2:1 and 4:1 
atrioventricular conduction in 9 and 2 patients, respec- 
tively. The ventricular rate ranged from 63 to 150 (mean 
116) beats/min. Immediately after cardioversion the 
ventricular rate ranged from 63 to 112 (mean 90) beats/ 
min. 

Baseline ejection fractions ranged from 6 to 63% 
(mean 31) (Table IT). The left ventricle showed localized 
abnormal wall motion (score = 1) in 1 patient and mod- 
erately severely (score = 3) and severely abnormal 
(score = 4) wall motion in 6 and 4 patients, respectively. 
Both wall motion scores and ejection fractions were un- 
changed after administration of diazepam. Immediately 
after cardioversion the mean ejection fraction increased 
to 37% (range 11 to 75) (difference not significant). The 
ejection fraction increased in 6 patients, did not change in 
4 and decreased in 1 (Figure 1). Wall motion scores 
improved in 3 and were unchanged in 8 patients (Table 
IT). 

Four patients had repeat radionuclide angiograms 
(mean 14 days) after cardioversion. Compared to the 
immediate postcardioversion results, wall motion was 
unchanged in 3 patients, and further improved in 1 (Ta- 
ble II), while the ejection fraction markedly further im- 
proved in 1 patient, slightly improved in 1, was un- 
changed in 1 and decreased in 1 patient (Figure 1). Serial 
studies in patient no. 4 are shown in Figure 2. 

Changes in ventricular rate after cardioversion are 
plotted against the changes in ejection fraction in Figure 
3 and against wall motion scores in Figure 4. 

Chronic supraventricular tachycardia has been re- 
ported to be associated with dysfunction in patients with 
otherwise normal hearts and studies done several days to 
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FIGURE 2. Superimposed end-systolic and end-diastolic perimeters from radionuclide studies performed in patient no. 4 at 
baseline, after intravenous diazepam, immediately after cardioversion of atrial flutter and at a follow-up examination 8 days 
later. The atrial and ventricular rates, ejection fraction (EF) (?6) and systolic wall motion (SWM) score at each of these times are 


also shown. 
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months after tachycardia correction have shown cardiac 
function may improve.!? Data from dog experiments are 
also consistent with these findings.^ It is therefore possible 
that chronic supraventricular tachycardia may have a 
direct and noxious effect on the heart. If this hypothesis is 
correct, left ventricular function might be expected to 
improve immediately upon correction of the arrhythmia, 
and improvement could occur without regard to the pres- 
ence of underlying cardiac disease or to the patient's age. 

The cardiac function of patients in this study was 
generally markedly impaired. All 11 patients had left 
ventricular systolic wall motion abnormalities. The base- 
line ejection fraction averaged 31% and was <50% in all 
but 1 patient (Table IT). Our results indicate that im- 
provement in cardiac function can occur with instanta- 
neous correction of atrial flutter. Immediately after car- 
dioversion the mean ejection fraction was 37%, a 6% 
increase. Cardiac function also improved as determined 
by changes in wall motion abnormalities in 3 patients. 
Two of these 3 patients also showed an improved ejection 
fraction. Thus, immediate improvement in cardiac func- 
tion attended correction of atrial flutter in 7 of the 11 
patients. 

Although one might expect the changes in ejection 
fraction and wall motion scores after cardioversion to be 
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highly correlated, no relation was evident in this study. 
The lack of correlation may have resulted, at least in part, 
from the relatively small number of cases available for 
comparison. Because these 2 measurements do not reflect 
identical aspects of left ventricular function,> it is advan- 
tageous to use both methods of evaluation in these investi- 
gations. 

Improvement in cardiac function was not limited by 
patient age. It was of interest that the most marked im- 
provement in this series occurred in a 70-year-old man. 
The oldest patient, although 87 years of age, also showed 
improvement in ejection fraction and wall motion after 
cardioversion. 

Functional improvement generally appeared to be 
maintained over time as shown by repeat studies done in 4 
patients at a mean of 14 days after cardioversion (Table 
II). Other investigators have also reported continued 
improvement in left ventricular function up to several 
months after correction of chronic supraventricular 
tachycardia.!? 

The basis for the functional improvement incident to 
the correction of the supraventricular tachycardia is not 
clear. The change in heart rate resulting from cardiover- 
sion did not correlate with either the change in ejection 
fraction (Figure 3) or the change in wall motion score 


FIGURE 3. Comparison of the change in 
ejection fraction (96) with the change in 
ventricular rate immediately after cardio- 
version of atrial flutter in 11 patients. 


FIGURE 4. Comparison of the change in 
systolic wall motion score with the change 
in ventricular rate immediately after car- 
dioversion of atrial flutter in 11 patients. 
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(Figure 4). Packer et al? also found no correlation be- 
tween the change in heart rate and ejection fraction in 
their study of 8 patients with incessant supraventricular 
tachycardia. Experimental evidence has been reported 
associating tachycardia with a reduction of cellular ener- 
gy production in the heart.ó However, this would not 
appear to be a completely adequate explanation because 
of the lack of correlation of changes of cardiac function 
with changes in heart rate and because of the immediate 
improvement noted with cardioversion. 

It remains to be tested whether electrical conversion 
of other forms of supraventricular tachycardia will also 
result in prompt improvement in left ventricular function. 
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Tachycardia induced myocardial dysfunction: a reversible phenomenon? Br 
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of atrial automatic tachycardia by ablation procedures. JACC 1985,6:405-409. 
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WB Saunders, 1984:467-487. 
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Dynamics of Atrioventricular Nodal Conduction Ratios of Reverse 


Alternating Wenckebach Periods 


Agustin Castellanos, MD, Abdel J. Fuenmayor, MD, Heikki Huikuri, MD, Alberto Interian, Jr., MD, 


Marilyn M. Cox, MD, and Robert J. Myerburg, MD 


previous report in this journal! discussed pacing- 
induced reverse alternating Wenckebach periods 
(RAWP) in a pediatric cardiac population. The present 
communication, on the other hand, deals not only with 
this phenomenon in adult patients, but supplies additional 
information regarding the atrioventricular (AV) nodal 
conduction ratios at which the arrhythmia under consid- 
eration occurs. 
Young et al! referred to RAWP as short episodes of 
2:1 AV block during which there was progressive short- 
ening of the atrio-His (AH) intervals of conducted beats 
terminating in a lesser degree of block. To analyze the 
AV nodal conduction ratios of this arrhythmia, we retro- 
spectively reviewed the charts of 67 patients, ages 33 to 
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FIGURE 1. Pacing-induced atrio- 
ventricular nodal reverse alternat- 
ing Wenckebach period (AWP) with 
a 7:4 atrio-His ratio. A = atrial 
deflections in the His bundle elec- 
trographic (HBE) lead; H — His bun- 
die deflections; HRA = high right 
atrium; S = stimulus artifact. The 


62 years, referred for evaluation of recurrent supraven- 
tricular tachyarrhythmias. Although all patients under- 
went complete electrophysiologic studies, only informa- 
tion obtained while incremental atrial stimulation (for at 
least 15 seconds at each paced cycle length) was per- 
formed will be reported. Table I lists the corresponding 
clinical and electrophysiologic findings in 9 of the 67 
(13.4%) patients in whom AV nodal RAWP were identi- 
fied. In these patients, the longest cycle lengths at which 
AH Wenckebach periods and stable 2:1 AH block oc- 
curred also could be determined. For example, the lon- 
gest cycle lengths demonstrating Wenckebach and stable 
2:1 A:H block had ranges of 400 to 250 and 350 to 200 
ms, respectively (Table I). In individual patients, the 
transitional cycle lengths varied from 60 to 20 ms. It was 
precisely within these ranges that 24 episodes of the 
conduction disturbance under consideration were diag- 
nosed. 

All episodes emerged from (or started as) 3:2 AH 
block, which thereafter was followed by >1 run of 2:1 





AH Ratios 


Episodes 
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* Of 2 separate pacing runs (with the same cycle lengths), 1 run showed RAWP while the other showed "accommodation" phenomenon. 
AH = atrio-His; AVNRT = atrioventricular nodal reciprocating tachycardia; AVRT = atrioventricular reciprocating tachycardia due to concealed accessory pathway; CL = cycle 
length; EAT = ectopic atrial tachycardia; PAF = paroxysmal atrial flutter or atrial fibrillation; RAWP = reversed alternating Wenckebach periods; WP = Wenckebach period. 





AH block until another episode started (Figures 1 and 
2). Conventionally, episodes of second-degree AV block 
are considered to extend from the first conducted im- 
pulse to the last blocked impulse of the episode.? There- 
fore, the AV nodal conduction ratios (which can be ge- 
nerically expressed as M:N during 1:1 AH conduction) 
had a first number resulting from the sum of all atrial 
deflections extending from the first conducted atrial im- 
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pulse of the 3:2 sequence of the last blocked atrial im- 
pulse preceding the 3:2 sequence of the following epi- 
sode. The second number of the ratio resulted from the 
sum of the corresponding H deflections. 

Thus considered, the conduction ratios and the num- 
ber of episodes (in parentheses) of RAWP were 7:4 (14), 
9:5 (7), 11:6 (1) and 15:8 (2). One of the latter was 
“erratic” because gradually decreasing AH intervals 


FIGURE 2. Pacing-induced atrio- 
ventricular nodal reverse alternat- 
ing a Wenckebach period with a 9:5 
atrio-His ratio. DCS = distal 
coronary sinus; PCS = proximal 
coronary sinus. 
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H à " H H H H lowed by 2:1 block during which 
A the first 2 conducted AH intervals 
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30 70 then accommodated to a steady 
value of 70 ms. 


were suddenly interrupted by a longer than the immedi- 
ately preceding AH interval which, in turn, was followed 
(again) by a shorter AH interval. In addition, there were 
three “aborted” RAWP, or better still, RAW “se- 
quences" showing the so-called "accommodation" phe- 
nomenon.! The latter were episodes initiated by a run of 
3:2 AH block, followed by 2:1 AH block with decreasing 
AH intervals (for 2 or 3 beats) which, thereafter, reached 
steady values (Figure 3). At another run of pacing at the 
same cycle length, these patients had episodes of RAWP 
with a 7:4 ratio, presumably due to differences in the 
"initial conditions" resulting from the onset of pacing in 
different moments of the sinus cycle. 

During atrial stimulation, alternating Wenckebach 
periods occur at cycle lengths shorter than the longest 
cycle length at which stable 2:1 AH block appears.?^ 
Furthermore, they emerge from runs of 2:1 AH block and 
are characterized by progressive prolongation of AH in- 
tervals of conducted beats ending in a greater degree of 
block.^ On the other hand, in the present retrospective 
study, RAWP did not emerge from runs of stable 2:1 AH 
block, but started as 3:2 AH block. The latter was due to 
their occurrence at (transitional) cycle lengths having 
values in between the cycle lengths at which Wenckebach 
and stable 2:1 AH block were identified.? Furthermore, 
the diagnosis of the corresponding AV nodal conduction 
ratios was such that they could be represented by a consis- 
tent 2N-1:N ratio in which the first number of the ratio 
was invariably odd. This occurred because, by premise, 
each episode consisted of a run of 3:2 AH block plus 
several runs of 2:1 AH block. 


Our results are in keeping with the theoretical predic- 
tions made by Shrier et al? of the various AV nodal 
conduction patterns that should appear during incremen- 
tal atrial stimulation.) One implication of their mathe- 
matical analysis was that between shortest 1:1 cycle 
lengths and longest stable 2:1 cycle lengths there should 
be a range of cycle lengths generating Wenckebach 
rhythms with ratios that we will describe as N:N-1, as 
well as more complex rhythms such as 5:3 and 7:4 (with 
ratios of 2N-1:N).° In the present study, interpatient 
differences of AH ratios reflected the fact that RAWP 
were not identified in the same part of the spectrum of 
transitional cycle lengths. 

In conclusion, RAWP had heretofore undescribed, 
but nevertheless surprisingly rich, dynamics character- 
ized by a universal 2N-1:N AV nodal conduction ratio 
invariably having a first number that was odd. However, 
prospective studies along the lines of that performed by 
McKinnie et al? are required to corroborate our findings. 
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Morphologic Findings After Catheter Ablation 


of the Atrioventricular Junction 


Wanda M. Lester, MD, Anne M. Gillis, MD, Nihad H. 


atheter ablation of the atrioventricular (AV) junc- 

tion using high energy direct-current electric shocks 
is an accepted treatment modality for patients with 
supraventricular tachyarrhythmias when drug therapy is 
ineffective.! The pathologic findings in the heart after 
catheter ablation have been well characterized in dogs, 
but there have been few reports of the cardiac pathology 
at necropsy in humans.?-* We report our findings at nec- 
ropsy in a woman who died suddenly 5 days after catheter 
ablation. 

This 43-year-old woman had no identifiable struc- 
tural heart disease, but had symptomatic paroxysmal 
atrial tachycardia for 5 years. Heart rates >240 beats/ 
min were recorded and she had recurrent syncope. The 
tachycardia was not inducible at electrophysiologic test- 
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ing done at age 40, but enhanced AV node conduction 
was demonstrated. Numerous drug trials were ineffec- 
tive or not tolerated or both. Fever and toxic epidermal 
necrolysis developed in sun-exposed areas during combi- 
nation therapy with amiodarone and atenolol, and re- 
quired treatment with systemic steroids. After discussion 
of the alternatives, catheter ablation was undertaken and 
2 shocks of 200 J were administered.! For the procedure, 
a ventricular pacemaker was positioned at the right ven- 
tricular apex via the right subclavian vein. The ablation 
catheter and a right atrial pacing catheter were posi- 
tioned through the right femoral vein. An intravenous 
bolus of 2,500 U of heparin was given. The ablation and 
right atrial pacing catheters were removed after 65 min- 
utes. The ventricular pacing catheter was removed 3 
days after the procedure. Transient complete heart block 
was followed later on the day of ablation by return 
of atrioventricular conduction with new right bundle 
branch block. Five days after the procedure she had a 
cardiac arrest with electromechanical dissociation. Re- 
suscitation, including open-chest pulmonary embolecto- 
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FIGURE 1. The opened right-sided 
heart at necropsy. Hemorrhagic dis- 
coloration at the catheter ablation 
site involves the right side of the 
atrial septum and the septal leaflet 
of the tricuspid valve. C — coronary 
sinus; T = tricuspid valve. 


FIGURE 2. Section of the atrioventric- 
ular junction. Healing infarction 
involves the summit of the ventricular 
septum and the branching bundle 
(arrow). The thrombus beneath the 
tricuspid valve leaflet is visible. 
Gomori trichrome stain, X 20. B = 
branching bundle; L = left bundle; M = 
mitral valve; S = membranous septum; 
T = thrombus; V = ventricular septum. 
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Time Between 
Ablation and 
Death (mos) 


Conduction System 
Site Involved 


Histologic 
Changes 


Energy Shocks; 
J/Shock 


Pt 
Age (yrs), Mode/ Cause 
Sex of Death 


Bharati? Sudden 


Sudden 
CHF 
Sudden 


Critelli? 
Ward^ 
Lester 


AV = atrioventricular: CAD = coronary artery disease; CHF = congestive heart failure. 


my, was unsuccessful. The patient had no previous histo- 
ry of thromboembolic problems and, although saphe- 
nous thrombophlebitis had been suspected 1 week before 
the ablation procedure, the impedance plethysmogram 
and venogram results had been normal. 

At necropsy, the lungs contained multiple fresh pe- 
ripheral emboli. Leg veins and central veins used for 
venous access were free of thrombi. The heart weighed 
310 g. The coronary arteries were all <75% narrowed in 
cross-sectional area. There was a 1.5 X 1.9 cm hemor- 
rhagic area involving the right side of the atrial septum 
and the septal leaflet of the tricuspid valve (Figure 1). 

The AV junction conduction tissue was serially sec- 
tioned with sections examined at 100-um intervals. 
These revealed focal hemorrhage, mononuclear inflam- 
matory cells and a few pigment-laden macrophages 
within the right atrial subendocardium, focal hemor- 
rhage within the spongiosa of the septal leaflet of the 
tricuspid valve and microscopic thrombus on the atrial 
side of the leaflet. The AV node was normal. There was a 
tiny focus of hemorrhage within the penetrating His bun- 
dle. The ventricular summit histologically resembled a 
healing myocardial infarct with loss of cardiac myo- 
cytes, mononuclear inflammatory cells, pigment-laden 
macrophages and the presence of many myofibroblasts. 
This process primarily involved the right side of the 
ventricular summit, but extended through the full thick- 
ness of the ventricular septum at the level of the septal 
papillary muscle of the tricuspid valve. Portions of the 
left bundle branch were destroyed, but most of it was 
intact. The right bundle branch was severely damaged. A 
4 X 4X 5mm thrombus was found between the septal 
leaflet of the tricuspid valve and the ventricular septum 
(Figure 2). Death was attributed to pulmonary embo- 
lism, likely of cardiac origin. 

Reported necropsy findings in humans after catheter 
ablation of the AV junction are listed in Table I. The 
exact site of conduction system damage probably reflects 
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not only the site of application of the electric shock but 
also the amount of energy used. As illustrated by this 
patient, precise placement of the ablation catheter may 
be critical to selectively ablate the penetrating bundle, 
especially when 200-J shocks are used. As suggested by 
experiments in dogs,? when catheter placement is exactly 
at the anatomic location of the His bundle, low energy 
incremental shocks (20 to 180 J) chiefly damage the AV 
node and His bundle, whereas higher energy shocks result 
in more diffuse damage to the His bundle and bundle 
branches. 

This patient and 2 cases of early pulmonary emboli 
reported from the Percutaneous Cardiac Mapping and 
Ablation Registry$ raise the question of the role of tempo- 
rary but routine postablation anticoagulation. It is possi- 
ble that some of the sudden deaths reported to the Regis- 
try also were due to pulmonary emboli. However, infor- 
mation about the precise timing of Registry deaths is not 
available for comparison with our patient, nor is it known 
whether or not pulmonary emboli were sought in the 
Registry deaths. A recommendation for temporary anti- 
coagulation must be balanced against the risk of cardiac 
perforation related to catheter ablation. 
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Rate-Responsive Ventricular Pacing in Pediatric Patients 
Joelle D. Miller, MD, Ming-Lon Young, MD, Dianne L. Atkins, MD, and Grace S. Wolff, MD 


haa aera tid rate-responsive pacing enables 
pacemaker-dependent patients to increase their heart 
rates with activity, thus mimicking the physiologic chron- 
otropic response to exercise. Studies have shown that 
rate-responsive pacing in adults significantly improves 
both exercise capacity during stress testing and symp- 
toms during regular daily activity.! The experience with 
rate-responsive pacing in the pediatric population is limit- 
ed. Previous studies have demonstrated increased exer- 
cise capacity and subjective improvement of symptoms 
with rate-responsive pacing.?? We report our experience 
with 5 pediatric patients with ventricular rate-responsive 
pacing who were studied in both the fixed-rate and rate- 
responsive modes. 
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TABLE I Echocardiographic Data 


Age 
(yrs) 


Profile SF (%) 


L-TGA, VSD, ASD, 
PA, Rastelli with 
postoperative heart block 
Postoperative 
tetrology, surgical 
heart block 
Congenital heart block 
with Stokes-Adams 
Congenital heart block, 
asymptomatic 
PS, congenital heart block 


* systemic ventricle. 


Five children received single-chamber (ventricle), 
programmable, rate-responsive pacemakers (Medtronic 
Activitrax). All had endocardial leads. The clinical pro- 
files and indications for implantation are listed in Table 
I. Exercise stress testing (Table II) and echocardio- 
grams (Table I) were performed in both the fixed-rate 
and rate-responsive modes with at least a 2-month inter- 
val for each mode. The rates used in the fixed-rate mode 
were 70 to 80 beats/min. In the activity mode the nominal 
settings were programmed, that is, minimal heart rate 
—70 beats/min, maximal heart rate 150 beats/min, rate 
responsive curve —7 and activity threshold at medium. 
Amplitude and pulse widths were programmed accord- 
ing to individual thresholds. 

Exercise tests were performed on a treadmill using 
the Bruce protocol. The protocol was modified for pa- 
tient 1 because of extreme fatigue and poor exercise 
capacity. Durations were compared with those of normal 
children.* Ventricular and atrial rates were recorded be- 


LVPEP, LVET. 
(s) (s) 


LVPEP 
LVET 


LVED 
(mm) 


LVSD 
(mm) 


ASD = atrial septal defect; L-TGA = L-transposition of great arteries; LVPEP, = left ventricular preejection period (corrected for heart rate); L VET. left ventricular ejection time 
(corrected for heart rate); LVED = left ventricular end-diastolic dimension; LVSD = left ventricular systolic dimension; PA = pulmonary artery; PS = pulmonary stenosis; SF = 


shortening fraction; VSD = ventricular septal defect. 
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FIGURE 1. Heart rate response plotted 
against time in patient 2. The large arrow 
indicates the start of recovery in the rate- 
responsive mode, and the small arrow 
shows the start of recovery in the fixed- 
rate mode. ACT Atria = atrial rate in rate- 
responsive mode; ACT Vent = ventricular 
rate in rate-responsive mode; VVI Atria — 
atrial rate in fixed-rate mode; VVI Vent = 
ventricular rate in fixed-rate mode. 


Total Exercise Peak HR 
Time (min/s), 


Percent 


Time Peak HR 


Sinus Ventricular Reached (min/s) 


6.0, <10 

8/0, 10 
11/42, 50 
10/22, 25-50 


6/45, <10 

6/24, <10 
13/43, >90 
13/25, >90 
12/46, 50 
11/1, 25 


* Ventricular tachycardia during peak exercise; t predominantly paced rhythm. 
HR = heart rate; P = paced rhythm; S = spontaneous rhythm. 


fore exercise and for each minute during exercise and 
recovery. 

Echocardiograms were performed in 4 of the 5 pa- 
tients. Chamber dimensions, shortening fraction and sys- 
temic ventricular systolic time intervals were measured. 

Patients 2 through 5 were asymptomatic in both pac- 
ing modes. Based on subjective perception, exercise tol- 
erance was normal. On stress testing (Table II), all pa- 
tients made appropriate effort except patient 3, who 
underperformed on both studies. Patients 2, 4 and 5 had 
normal durations in both modes, but the total time was 
longer when the pacemaker was programmed in the 
fixed-rate mode. Patient 1 had abnormal exercise capac- 
ity, with a duration of 6 minutes (fixed-rate mode) when 
a 6-beat run of ventricular tachycardia occurred. During 
testing in the rate-responsive mode, she completed 8 
minutes of the Bruce protocol without arrhythmias. Pa- 
tients 4 and 5 had spontaneous ventricular rates higher 





than the programmed fixed rate, but predominantly 
paced rhythm during exercise in the rate-responsive 
mode. 

The maximal sinus and ventricular rates during ex- 
ercise are listed in Table II. Sinus response to exercise 
was normal in 4 of 5 patients with a sinus atrial rhythm, 
and were nearly identical whether the ventricle was in a 
fixed-rate or rate-responsive mode (Figure 1). In the 
rate-responsive mode, these patients also had an initial 
stepwise increase in the ventricular rate curve that simu- 
lated the sinus curve qualitatively. 

The echocardiographic results are listed in Table I. 
There was no difference in chamber size, shortening frac- 
tion of the systemic ventricle or systolic time intervals in 
either of the 2 modes. 

In this study we compared fixed-rate with rate-re- 
sponsive pacing, and demonstrated neither increased ex- 
ercise capacity nor change in hemodynamic function, 
except in 1 patient. This was the only patient in the group 
with abnormally low exercise capacity. It is likely that 
this patient would benefit from an increase in heart rate. 
The study did demonstrate that, in children, rate-respon- 
sive nominal settings do not simulate the sinus response to 
exercise. Closer concordance with the sinus rate may be 
achieved with proper programming and a higher upper 
rate limit, but the clinical advantage of such mimicry of 
the sinus rate is unproven. 
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Differentiation of the Origin of Wide QRS Complexes 
by the Net Amplitude of the QRS in Lead Vg 


Mark S. Kremers, MD, Peter Wells, MD, William Black, MD, and Martha Solo, RN 


ide QRS rhythms may be ventricular in origin or 

may be supraventricular conducted with functional 
aberration, fixed bundle branch block or preexcitation. 
The mechanism determines proper therapy and prognosis 
and is usually based on electrocardiographic data.! Un- 
fortunately, signs such as atrioventricular dissociation are 
infrequently recognized and therefore other criteria in- 
cluding QRS morphology must be used.!-? Most QRS 
criteria have been derived by comparing ventricular 
tachycardia (VT) to supraventricular tachycardia with 
functional aberrancy, and have excluded QRS patterns 
due to preexisting bundle branch block or preexcita- 
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tion.?$ While a correct diagnosis can frequently be 
achieved using these criteria,? it requires knowledge of 
the baseline electrocardiogram and proper application of 
multiple signs. Misdiagnosis still occurs because of mis- 
conceptions about the hemodynamics of VT and igno- 
rance or misapplication of these criteria.!0-!? A simpler 
approach to wide QRS differentiation would be useful. In 
this study we analyzed wide QRS complexes, including 
those due to fixed bundle branch block and preexcitation, 
to clarify the value of previously proposed criteria in 
determining the site of origin of all forms of wide QRS. A 
new sign—the net amplitude of the QRS in lead Vg, 
applied independently of the bundle branch block pattern 
and without knowledge of the baseline electrocardio- 
gram—was also investigated as a means of simplifying 


arrhythmia diagnosis. 
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TABLE I Patient Data 


Ventricular 
Tachycardia 
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p Value 










No. 33 






Age (yrs) range 15-83 33-83 15-77 

Mean 53416 59+11 38417 «0.05 
Men (%) 78 84 64 0.026 
Heart disease (%) 70 96 9 <0.001 
Myocardial infarct (%) 58 80 6 <0.001 






0 = absent; + = present. 
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The 12-lead electrocardiograms of 184 wide QRS 
complex (2120 ms) rhythms, recorded from 110 pa- 
tients undergoing electrophysiologic study at Parkland 
Memorial Hospital or the Dallas Veterans Administra- 
tion Hospital between February 1985 and March 1988, 
constitute the basis of this study. In 117 tracings (group 
1, 77 patients), a diagnosis of VT was confirmed by the 
absence of a preceding His potential, atrioventricular 
dissociation, or both. These were compared to 67 non- 
ventricular origin, wide QRS rhythms (group 2, 54 pa- 
tients) that included 21 of sinus rhythm with preexisting 
bundle branch block, 27 of atrial paced rhythms demon- 
strating maximal preexcitation (mean ORS — 133 + 13 


FIGURE 1. The method of deriving the net 
amplitude of the QRS in Ve. The 


measured from the baseline and summed 
together. 


065 ' ' 





FIGURE 2. Examples of QRS complexes in Vg that have a net negative QRS amplitude. These are derived from both right and 
electrocardiogr. 


left bundle branch block patterns on 
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TABLE Il Electrocardiographic Data 


Group 1 Group 2 p Value 


117 67 
66 (56) 40 (60) 
3 (3) 9 (23) 
46 (39) 15 (22) 
51 (44) 27 (40) 
26 (22) 9 (13) 
17 (15) 2 (3) 
23 (20) 2 (3) 
69 (59) 18 (27) 


Net amp Vg <0 = net negative QRS amplitude in Ve; NS = difference not significant; 
QVs = Q wave in Ve; RV1-2 230 = R wave >30 ms wide in V; or Vo. 


Electrocardiograms (n) 
Right bundle (%) 

rsR Vi 

R/S «1 Ve 
Left bundle (96) 

RVi.2 >30 


QVe 
Axis —90 to —180? (95) 
Net amp Vg «O (%) 





ms) in the Wolff-Parkinson-White syndrome and 19 of 
supraventricular tachycardias with functional aberran- 
Cy. 

Electrocardiograms were graded by 2 observers for 
right or left bundle branch block pattern based on the 
presence or absence of a dominant R wave and delayed 
intrinsicoid deflection in Vj. They were also scored for 
the quadrant of the QRS axis, the R wave in V; (mono- 
phasic, biphasic, triphasic left [Rsr] or triphasic right 
[rsR] based on whether a negative deflection reached or 
crossed the baseline)!? and the presence of an R/S <1 in 
Vs with right bundle pattern. With left bundle pattern, an 
R in V; or V; >30 ms wide, or a Q in Vs was noted. 
In all tracings, the net amplitude of the QRS in Vs was 
derived by summing together the amplitudes of each 
component (i.e., Q amplitude + R amplitude + S ampli- 
tude) (Figure 1). This criterion differed from the R/S 
ratio in Vs in its derivation and in its application to non- 
RS and left bundle patterns. The value of a sum <0 (i.e., 
a net negative QRS, Figure 2) in detecting complexes of 
ventricular origin was compared to the other QRS crite- 
ria. 

Continuous variables were compared with unpaired t 
tests. Discontinuous variables were compared with a chi- 
square test or 2-tailed Fisher exact test. Statistical sig- 
nificance was at the level of p «0.05. 

There were 56 patients with VT only and 33 with wide 
QRS complexes of supraventricular origin only. In 21 
patients, wide QRS complexes of both ventricular and 
supraventricular origin were seen. The 77 patients with 
VT were significantly older, more frequently male and 
more frequently had structural heart disease than the 33 
patients with only supraventricular origin, wide QRS 
patterns (Table I). 

Group 1 and group 2 electrocardiograms did not dif- 
fer with respect to the incidence of left or right bundle or 
the frequency of R >30 ms in V; or V2 ora Q in V; 
with left bundle (Table II). The triphasic right (rsR) 
pattern in V, was seen in 3 (5%) of the 66 group 1 right 
bundle patterns and 9 (23%) of the 40 group 2 right 
bundle patterns (p — 0.01). The majority of these in 
group 2 were due to infranodal aberrancy (5 of 9, 55%) 
(Table IIT). Conversely, 46 (70%) of group 1 right bun- 
dle patterns had an R/S <1 in Vs compared to 15 (38%) 
of group 2 (p = 0.001). Overall, 39% of group 1 and 22% 





TABLE Ill Subgroup Analysis of Group 2 
Electrocardiographic Data 


Aberrancy Fixed BBB — Preexcitation 


Electrocardiograms (n) 
Right bundle (96) 

rsR Vi 

Non rsR Vi 

R/S «1 Ve 
Left bundle (96) 

RVi.2 >30 

QVe 


1 (5) 

1 (5) 

Axis —90 to —180° (%) 0 (0) 

Net amp Ve <0 (%) 8 (38) 
BBB = bundle branch block; other abbreviations as in Table ll. 


of group 2 electrocardiograms had right bundle and an 
R/S <1 in Vs. A right superior quadrant axis was seen in 
23 (2096) group 1 electrocardiograms compared to 2 
(3%) of group 2 (p = 0.013). 

In comparison, a net negative ORS in Vs was seen in 
69 (59%) of group 1 and in only 18 (27%) of group 2 
electrocardiograms (p <0.001). Of the false positives, 8 
had preexisting bundle branch block, 6 had aberration 
and 4 had preexcitation. Its specificity for a ventricular 
origin ORS was 73% compared to 64% for an R/S <1 
and 13% for a non-rsR in V;. The positive predictive 
accuracy was 79% and was similar to the R/S <1 in Vg 
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FIGURE 3. The precordial leads of a left bundle pattern ven- 
tricular tachycardia in which the net QRS amplitude in V is 
negative in the absence of an initial Q wave. The dashed line 
marks the onset of the QRS. Note that there is also precordial 
concordance. 
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(75%) and a non-rsR in V; (67%). The negative predic- 
tive accuracies were 51, 52 and 75%. 

This is the first study addressing wide QRS arrhyth- 
mia differentiation that has included QRS patterns due 
to preexisting bundle branch block and preexcitation. In 
agreement with Wellens et al? the majority of rsR com- 
plexes in V; were the result of infranodal aberration. 
However, 87% of supraventricular origin right bundle 
patterns had an R in V; that favored VT by these criteria. 
While an R/S «1 in Vg with right bundle favored a 
ventricular origin of the QRS, its overall sensitivity for 
VT was poor (39%). Similarly 92% of recordings with a 
right superior quadrant axis arose from the ventricle but 
only 20% of VTs had this axis. 

The net negative QRS in V, had better sensitivity for 
a ventricular origin QRS than any other criterion. Its 
sensitivity for VT with a right bundle pattern was the 
same as the R/S «1 but 23 left bundle VTs, including 8 
without Q waves (Figure 3), also fulfilled this criterion. 
This sign was therefore more sensitive than the combina- 
tion of an R/S «1 and a Q in Vg. Its specificity and 
positive predictive accuracy were also better than other 
signs, but its negative predictive accuracy was poor 
(51%). Therefore, a net positive QRS in Vg did not rule 
out a ventricular origin QRS. The net negative QRS had 
a high false-positive rate (27%) but the Wellens' criteria 
also misclassified 24%. Therefore, relative to other signs, 
the increased sensitivity of the net negative QRS in Vg 
was not associated with substantial loss of specificity. 

Limitations of this study include the select group of 
patients studied, the small number with preexisting bun- 
dle branch block and the large number with preexcited 
QRS. Preexcited rhythms were grouped with supraven- 
tricular origin QRS because supraventricular activation 
is a prerequisite; however, this probably minimized some 
of the differences between the groups. We included wide 
QRS complexes from sinus rhythm because the QRS 
pattern with fixed bundle branch block is similar in sinus 
rhythm and supraventricular tachycardia.!^ Similarly, 
atrial pacing produced QRS complexes that were near 
maximally preexcited. However, we cannot exclude the 
possibility that some of these QRS complexes might have 
been altered by a tachyarrhythmia. 

Our criteria for grading right bundle branch block 
patterns in V;!? may have differed from those of Wellens 
et al.? Therefore our results may not be directly compara- 
ble. We also cannot exclude the possibility that age-relat- 
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ed electrocardiographic changes played a primary role in 
our findings, '? but we believe this is a secondary phenom- 
enon related to the different disease processes in group 
1 (coronary disease) and group 2 (preexcitation syn- 
drome). 

In conclusion, the net QRS amplitude in V, is superior 
to any single previously proposed QRS criterion for ar- 
rhythmia diagnosis. If a baseline electrocardiogram is 
unavailable for comparison, it may be applied with mod- 
erate sensitivity and specificity, and positive predictive 
accuracy. Its use early in an algorithm may simplify 
recognition of the origin of a wide QRS. 
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Effect of Milrinone on Steady-State Digoxin Levels 


in Congestive Heart Failure 


Kevin J. Ferrick, MD, Aileen M. Ferrick, RN, Steven A. Fein, MD, and Joseph T. Doyle, MD 


variety of cardioactive agents have been shown 

to affect the pharmacokinetics of digoxin and there- 
by alter serum digoxin levels. Since the first reports de- 
scribing the digoxin-quinidine interaction, numerous 
agents have been shown to increase serum digoxin lev- 
els.?-6 Milrinone is a nonglycoside, noncatecholamine 
inotropic agent currently undergoing investigation for the 
treatment of congestive heart failure. Because many pa- 
tients receive digoxin for the treatment of heart failure, 
we attempted to determine retrospectively if milrinone 
significantly affects steady-state digoxin levels in a heart 
failure population. 

The study population consisted of 26 patients (23 
men) with a mean age of 61 years. The etiology of heart 
failure was coronary artery disease in 19 patients and 
idiopathic dilated cardiomyopathy in 7. All patients had 
severe symptomatic heart failure: 14 patients had New 
York Heart Association class III congestive heart failure 
and 12 had class IV heart failure. All patients received a 
stable digoxin dose for at least 1 month before as well as 
during administration of milrinone. Pre-milrinone di- 
goxin levels were performed a mean of 3.1 days (range 1 
to 16) before initiation of milrinone therapy. Follow-up 
digoxin levels were drawn 4 to 20 days (mean 8) after 
initiation of milrinone, and were obtained at least 8 
hours after digoxin dosing. Milrinone therapy was ti- 
trated according to clinical and hemodynamic response 
to a dosage of 30 to 50 mg/day. Concomitant medica- 
tions were unaltered, except for diuretic dose before ob- 
taining the follow-up digoxin level. Digoxin levels were 
determined by radioimmunoassay with a coefficient 
variation of 6%. Data analysis was performed using the 
Student t test for paired data. 

No significant change was seen in mean digoxin levels 
with milrinone treatment. The mean serum digoxin level 
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before milrinone therapy was 1.41 + 0.58 ng/ml while 
the mean digoxin level during milrinone therapy was 
1.32 + 0.41 ng/ml (difference not significant). Mean 
blood urea nitrogen and creatinine levels were unchanged 
during milrinone therapy. 

Since the original report by Leahey et al! describing 
the effect of quinidine on steady-state digoxin levels, 
many agents have been shown to alter digoxin pharmaco- 
kinetics. Calcium antagonists such as verapamil, nifedi- 
pine and diltiazem, as well as the angiotensin converting 
enzyme inhibitor captopril, have been shown to increase 
digoxin levels; the magnitude of the interaction is quite 
variable.? Apart from quinidine, a variety of antiarrhyth- 
mic agents, including but not limited to amiodarone, fle- 
cainide and cibenzoline, also have been shown to increase 
digoxin levels.^-6 A decreased volume of distribution and 
decreased renal clearance, possibly secondary to de- 
creased renal tubular secretion, have been suggested as 
the mechanisms of the digoxin-quinidine interaction.?? 
Similar mechanisms may explain the increase in digoxin 
levels seen during therapy with verapamil; however, an 
increased rate of absorption? or diminished nonrenal 
clearance may be potential mechanisms for other 
agents.*° The absence of a detected change in digoxin 
levels in patients treated with milrinone suggests that 
digoxin dose alteration need not be made before begin- 
ning milrinone therapy in patients with congestive heart 
failure. 
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Doppler-Echocardiographic Evaluation of Left Atrial Contribution to 
Left Ventricular Filling in Mitral Stenosis at Rest and During Exercise 


Ted M. Parris, MD, Michael McAllister, RDMS, John J. Ross, RCPT, and Gary S. Mintz, MD 


he onset of atrial fibrillation in patients with mi- 

tral stenosis (MS) is frequently associated with clini- 
cal deterioration. Whether this is related solely to the 
rapid heart rate that occurs with untreated atrial fibrilla- 
tion or to the loss of synchronized atrial contraction is 
unclear. Over the past 20 to 30 years, some investigators 
have suggested that atrial contraction is critical for ade- 
quate left ventricular (LV) filling, while others have con- 
cluded that in MS, active atrial contraction augments LV 
filling very little.!-^ Using 2-dimensional and Doppler 
echocardiography, we quantified the contribution of atri- 
al contraction to LV filling in patients with MS in normal 
sinus rhythm. We have confirmed our preliminary find- 
ings? in a larger group of patients and additionally studied 
a subset of patients in sinus rhythm both at rest and 
during upright bicycle exercise. 

Over a 4-year period, approximately 150 patients 
with rheumatic MS underwent 2-dimensional and 
Doppler echocardiography at our institution. Thirty pa- 
tients (21%) with pure MS (i.e., trivial or absent mitral 
regurgitation on Doppler echocardiography) were in si- 
nus rhythm and form the basis of this study. All echo- 
cardiograms were performed using an Interspec XL or 
Irex Meridian cardiac ultrasound unit, both of which 
incorporate Vingmed Doppler systems. Resting studies 
were performed with the patients in a supine or left 
lateral position. Left atrial (LA) size at end-systole and 
LV posterior wall thickness at end-diastole were mea- 
sured from a derived M-mode echocardiogram using the 
parasternal window. Mitral valve area was measured 
using the 2-dimensional echocardiographic parasternal 
short-axis view. The 2-dimensional echocardiographic 
valve area (rather than the Doppler pressure-half-time 
mitral valve area) was selected because the latter overes- 
timates mitral valve area with exercise. Anterograde 
mitral valve flow (cc/s) was measured using the apical 
window. Doppler examination was conducted using ei- 
ther a simultaneous imaging/Doppler transducer or an 
independent 2.0-M Hz nonimaging Doppler transducer. 
The latter was used to obtain the highest quality spectral 
display. Rest and exercise studies were performed dur- 
ing symptom-limited upright bicycle exercise. Upright 
exercise was selected because it is more physiologic than 
supine exercise. Adequate Doppler signals were obtained 
in all 30 patients at supine rest and in 12 of 15 patients 
during upright exercise. When the patients were upright, 
Doppler signals were optimized with the patients leaning 
slightly forward and to the left. Signals were usually best 
during expiration. 

Assuming that in patients with rheumatic MS the 
diastolic mitral valve area remains relatively fixed, 
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the 2-dimensional echocardiographic mitral valve area 
(cm?) and the Doppler time-velocity integral (m/s) can 
be combined to calculate mitral valve volume flow (cc/s) 
or stroke volume (cc) = (mitral valve area) X (mitral 
valve velocity flow). Assuming that deceleration of mi- 
tral valve flow during LV filling would remain linear and 
constant if each patient were to go into atrial fibrilla- 
tion,’ stroke volume can be divided into 2 components: 
passive LV filling (or stroke volume that would remain 
during atrial fibrillation) and atrial contribution to LV 
filling." That the deceleration of mitral valve flow in 
mitral stenosis would remain linear is central to the 
concept of the Doppler pressure-half-time calculation of 
mitral valve area. Together, passive and active compo- 
nents form total mitral valve volume flow during sinus 
rhythm. Atrial contribution to LV filling was measured 
as a percent of total mitral valve stroke volume (percent 
atrial contribution). We then correlated percent atrial 
contribution with mitral valve area (determined from 2- 
dimensional echocardiography), mean mitral valve gra- 
dient (determined from the Doppler time velocity inte- 
gral), LA size, PR interval and patient age to identify 
determinants of a smaller or larger atrial contribution to 
LV filling. In rest and exercise studies, percent atrial 
contribution was determined at resting heart rate and at 
peak exercise heart rate. It was then correlated with the 
mitral valve gradient at rest and during exercise. 

Statistical analysis was performed using Pearson 
correlation coefficients. 

In the 30 patients studied at rest, the severity of MS 
was generally mild to moderate. The 2-dimensional mi- 
tral valve area ranged from 0.8 to 3.0 cm? (mean 1.9 + 
0.5), and the mean Doppler mitral valve gradient for the 
entire group measured 8 + 4 mm Hg. Only 2 patients 
had a mitral valve area <1.0 cm?. Since our study was 
limited to patients in sinus rhythm, this distribution of 
severity is to be expected because patients with more 
advanced degrees of MS are generally in chronic atrial 
fibrillation. In the entire group of 30 patients, atrial 
contribution varied from 2 to 34% (15 + 9) of total 
mitral valve volume flow at rest. In the entire group of 30 
patients studied at rest, percent atrial contribution to LV 
filling correlated significantly with 2-dimensional echo- 
cardiographic mitral valve area (p «0.0002) and in- 
versely with mean mitral valve gradient (p <0.004). No 
significant correlation existed between percent atrial 
contribution and LA size, LV wall thickness, heart rate, 
PR interval, sex or age. 

In 12 patients who underwent upright bicycle exer- 
cise, the mean heart rate increased from 74 + 12 at rest 
to 121 + 9 beats/min at peak exercise. Mitral valve 
gradient increased from 9 + 6 at rest to 17 + 6 mm Hgat 
peak exercise. An example of a rest and exercise study is 
shown in Figure 1. In this group of patients, percent 
atrial contribution decreased as heart rate and gradient 
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FIGURE 1. A, B and C show resting, mid-exercise and peak exercise mitral valve flows, respectively, in a patient with mitral 
stenosis and sinus rhythm. Each is accompanied by a schematic diagram. The dashed line shows how mitral valve flow would 
continue to decelerate in a linear fashion if the patient were to develop atrial fibrillation and lose atrial contribution; the shaded 
area (A) indicates the active atrial transport (percent atrial contribution to left ventricular filling). At rest, the heart rate is 66 
beats/min (BPM) and the A wave represents a 2796 atrial contribution to left ventricular filling. This decreases to 1696 during 
mid-exercise at a heart rate of 80 beats/min and to 11% at peak exercise at a heart rate of 110 beats/min. 
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increased in 11 of 12 patients (Figure 2). The mean 
percent atrial contribution at rest was 13 + 9% and 
decreased to 10 + 7% at peak exercise. The LA contribu- 
tion to LV filling correlated inversely with the mitral 
valve gradient over the range of upright resting and exer- 
cise mitral valve gradients (Figure 2, p <0.002), but did 
not correlate with heart rate. 

In a previous report, we used Doppler echocardiogra- 
phy to study atrial contribution to LV filling in 21 pa- 
tients with MS in sinus rhythm. As we confirm in this 
larger series, atrial contribution to LV filling at rest is 
variable and depends on the severity of MS; that is, as MS 
becomes more severe, LA contribution becomes less sig- 
nificant. At rest, it does not correlate with heart rate or 
PR interval (most of which were in the normal range) or 
LA size. 

The cardiovascular response to upright exercise in 
patients with MS is well known.5? The increase in cardiac 
output is blunted and occurs at the expense of an exagger- 
ated increase in heart rate. The subnormal increase in 
stroke volume is the result of a limitation in LV filling. 
This abnormal exercise response occurs both in patients 
with MS and sinus rhythm and in patients with MS and 
atrial fibrillation. The pulmonary artery wedge pres- 
sure and transmitral gradient increase markedly even in 
patients with a borderline significant decrease in resting 
calculated mitral valve area. The major hemodynamic 
abnormalities result from the shortened diastole and ex- 
aggerated impedance to LV filling. During exercise the 
mitral valve area calculated by the Gorlin formula may 
increase, but only slightly. The mitral valve area by 
Doppler pressure-half-time also increases. Both the Gor- 
lin formula and Doppler-derived valve areas are based on 
hemodynamic calculations. There are no data on change 
of 2-dimensional echocardiographic mitral valve area 
(calculated by planimetry) with exercise; but since it is an 
anatomic measurement, it should be less affected by exer- 
cise. 

Atrial contribution to LV filling diminishes as the 
transmitral gradient increases rapidly with exercise. Al- 
though exercise also increases the heart rate (shortening 
the RR interval) and shortens the PR interval, the pri- 
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FIGURE 2. Atrial contribution to left ven- 


tricular (LV) filling varies inversely with 
the mean mitral valve gradient as the 
mean mitral gradient increases during up- 
right bicycle exercise in 12 patients. 


mary effect of the heart rate increase is a markedly short- 
ened diastole and increased mitral valve gradient. Atrial 
contribution to LV filling did not correlate with heart rate 
either at rest or during exercise, but did correlate inverse- 
ly with mitral valve gradient. Other studies have shown 
that an artificially shortened PR interval causes no 
change in cardiac output in patients with MS.? The slight, 
but insignificant, differences between resting heart rates, 
mitral valve gradients and percent LA contribution in the 
patients studied only at supine rest and the subset studied 
upright at rest and during exercise are probably related to 
differences in patient position: supine versus upright. 

Thus, our data show that atrial contribution is no 
more important during exercise than at rest; in fact, it is 
probably less so. Factors other than loss of atrial contri- 
bution must be responsible for clinical deterioration when 
patients with MS develop atrial fibrillation. Such factors 
include progression in severity of MS, increased heart 
rate (and shortened diastolic filling times) typically seen 
in atrial fibrillation and the irregularly irregular RR in- 
tervals resulting in marked heterogeneity of beat to beat 
diastolic filling times and gradients (which are also seen 
in atrial fibrillation). 
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Frequence and Significance of Aortic Valve Thickening in Older 
Asymptomatic Patients and Its Relation to Aortic Regurgitation 


Alberto Margonato, MD, Domenico Cianflone, MD, Mauro Carlino, MD, Andrea Conversano, MD, 


Cinzia Nitti, MD, and Sergio Chierchia, MD 


Ace focal thickening of aortic valve leaflets is 
frequently observed in elderly patients undergoing 
echocardiographic studies, the clinical significance of this 
morphologic abnormality is not clear, especially in the 
absence of obvious signs of aortic stenosis.! This finding 
represents a common clinical problem, frequently ob- 
served in asymptomatic patients referred for echocardi- 
ography for a variety of reasons but without clear-cut 
evidence for overt cardiac disease. We assessed the preva- 
lence and significance of aortic valve thickening in a 
series of asymptomatic patients older than 55 years of 
age. 

In the period January through December 1987, a 
total of 1,289 patients underwent color Doppler echocar- 
diography in our laboratory. Of these, 192, ages 55 years 
or older and with no history of overt cardiac disease, 
were included in the study. Admission criteria required 
(1) age older than 55 years; (2) no symptoms or previous 
diagnosis of heart disease; (3) no physical signs diagnos- 
tic of aortic stenosis, normal aortic valve opening and no 
measurable aortic gradient as assessed by a nonimaging 
Doppler probe (suprasternal approach); and (4) no other 
valvular or regional wall motion abnormalities on con- 
ventional 2-dimensional and M-mode echocardiogra- 
phy. Systolic systemic hypertension (7160 mm Hg) was 
not considered, per se, an exclusion criterion. Of the 192 
study patients, 96 were outpatients referred for the inci- 
dental finding of an aortic ejection murmur and 65 were 
in-patients undergoing routine cardiological preopera- 
tive evaluation. The remaining 31 patients had hyperten- 


From the Cardiovascular Unit, H. S. Raffaele, Via Olgettina, 60 20132 
Milan, Italy. Manuscript received December 22, 1988; revised manu- 
script received and accepted July 18, 1989. 


FIGURE 1. Distribution of the 211 patients according to the 
presence of aortic focal thickening and aortic regurgitation. 
Hatched squares indicate patients with aortic focal thicken- 
ing. AR - aortic regurgitation. 





sion; of these, 6 had episodes of transient cerebral isch- 
emia and were referred for echocardiography to rule out 
embolic phenomena. Patients with a previous diagnosis 
of overt aortic incompetence undergoing echocardiogra- 
phy for follow-up evaluation were not included in this 
study. A detailed clinical history was obtained and phys- 
ical examination was performed. Blood pressure was 
measured in the recumbent position in both arms using a 
mercury sphygmomanometer and the higher values were 
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often is associated with aortic regurgitation. AR = aortic 
regurgitation; FAT = focal aortic valve thickening. 
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FIGURE 3. Left atrial, ventricular systolic and diastolic diame- 
ters, posterior and septal wall thicknesses and aortic dimen- 
sions in patients with and without aortic valve thickening, re- 
gurgitation or both. For all parameters, no significant differ- 
ences are seen between patients with or without aortic valve 
lesions. AO = aortic root dimensions; AR = aortic regurgita- 
tion; FAT = focal aortic valve thickening; LA = left atrial 
diameter; LVEDD - left ventricular end-diastolic diameter; 
LVESD = left ventricular end-systolic diameter; PWT = 
posterior wall thickness; ST = septal wall thickness. 
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BRIEF REPORTS 


selected for analysis. Electrocardiographic signs of left 
ventricular hypertrophy were established on the basis of 
the criteria proposed by Romhilt and Estes? Two- 
dimensional and M-mode echocardiograms were ob- 
tained in multiple views (parasternal, apical and subcos- 
tal) using a commercially available system (Toshiba 
SSH 65 A). Measurements were based on the recom- 
mendations of the American Society of Echocardiogra- 
phy. The following parameters were analyzed: left ven- 
tricular end-diastolic and end-systolic diameters, septal 
and posterior wall thicknesses, left atrial and aortic di- 
ameters. Focal thickening was defined as a localized, 
increased echo reflection of at least 1 aortic edge.! Color- 
coded studies were performed using the parasternal 
long-axis, apical long-axis and 5-chamber views. For 
optimal color flow imaging, a 2.5-M Hz phased array 
probe was used and gain setting was adjusted as de- 
scribed in previous studies.? Data were stored on video- 
tape and reviewed independently by 2 experienced ob- 
servers, using visual slow-motion analysis of the color 
flow images. The presence or absence of aortic valve 
thickening was assessed in the parasternal long- and 
short-axis views. Aortic regurgitation was diagnosed on 
the basis of a diastolic jet directed from the valve plane 
toward the left ventricular outflow tract. Color-guided 
conventional Doppler (pulsed- and continuous-wave, 
sampling in the central jet area) was used to confirm the 
diagnosis. The severity of aortic regurgitation was grad- 
ed 1 to 4 using a modification of the criteria proposed by 
Sellers et al,* which correlates well with the hemody- 
namic assessment.’ Color-coded M-mode echocardio- 
grams of the mitral valve also were recorded in all pa- 
tients. 

Mean values are expressed with their standard error. 
Unpaired t test or chi-square test were used as appropri- 
ate. 

Thickening of at least 1 aortic cusp was present in 91 
patients (group 1), whereas in 101 (group 2) the aortic 
valve appeared normal (Figure 1). The prevalence of 
aortic valve thickening increased progressively with age. 
For the 3 age groups considered (55 to 65, 66 to 75 and 
>75 years), aortic thickening was present, respectively, in 
24, 37 and 71% of patients (Figure 2). However, when 
multiple clinical, electrocardiographic and echocardio- 
graphic variables were considered, no differences were 
noted between patients with or without aortic focal thick- 
ening. Systolic, diastolic and pulse pressures were similar 
in the 2 groups (143 + 5 vs 141 + 5;84+3 vs 80 + 4; 58 
+ 6 vs 58 + 4 mm Hg, respectively). The incidence of 
electrocardiographic signs of left ventricular or atrial hy- 
pertrophy was comparable (26 vs 28% and 31 vs 34%, 
respectively). Left ventricular and atrial dimensions as 
well as septal and posterior wall thicknesses also were 
similar (Figure 3). A diastolic regurgitant jet was shown 
by color flow Doppler in 56 patients. Of these, 30 (33%) 
belonged to group 1 and 7 (796) to group 2. The difference 
was statistically significant (p <0.001) (Figure 1). Mean 
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age was significantly higher in patients with aortic regur- 
gitation than in those without (75 + 2.3 vs 66.8 + 0.9 
years, p <0.05). Aortic regurgitation was trivial (grade 1) 
in 30 patients (23 of group 1 and 7 of group 2) and mild 
(grade 2) in 7, all belonging to group 1. No higher grades 
of regurgitation were seen. Systolic (144 + 4 vs 139 + 5 
mm Hg), diastolic (78 + 4 vs 81 + 3 mm Hg) and pulse 
pressures (62 + 4 vs 57 + 5 mm Hg) were not significant- 
ly different in patients with or without aortic regurgita- 
tion. Electrocardiographic criteria of left ventricular hy- 
pertrophy were present in 19 patients (3496) with and in 
59 patients (28%) without aortic regurgitation (differ- 
ence not significant). At echocardiography, left ventricu- 
lar hypertrophy was present in 21 patients with and 64 
patients without aortic regurgitation (difference not sig- 
nificant). 

Our study shows that focal thickening of aortic valve 
leaflets is present in a large proportion of asymptomatic 
patients 55 years of age or older referred for echocardiog- 
raphy. The prevalence of this finding increases with age 
and exceeds 70% in patients over 75 years. However, the 
importance of this finding has to be downplayed in the 
absence of clinical, electrocardiographic and echocardio- 
graphic signs of aortic stenosis. In fact, in our study, 
aortic thickening was not associated with abnormalities 
indicative of left ventricular dilatation or hypertrophy. 
Aortic valve thickening was often (33%) associated with 
regurgitation of little hemodynamic importance, as dem- 
onstrated by the lack of significant left ventricular dilata- 
tion or hypertrophy and by the similarity of pulse pres- 
sure in the patients with or without regurgitation. In a 
recent study based on pulsed Doppler echocardiography, 
Akasaka et alô described in 176 apparently healthy pa- 
tients, ages 40 to 90 years, a high frequency of aortic 
regurgitation whose prevalence was related to age. The 
investigators suggested arterial hypertension or degener- 
ative changes as possible causes. Indeed, our study con- 
firms that the prevalence of aortic regurgitation increases 
with age, but shows that its presence is strictly linked to 
that of aortic valve thickening. In fact, in our series, 
elderly patients with similar characteristics but no aortic 
valve thickening did not show an increased prevalence of 
aortic regurgitation. Arterial pressure was also similar in 
the 2 groups, although arterial hypertension— whenever 
present—was generally mild. 
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New OPTIRAY. (ioversol) is a nonionic contrast medium with a demonstrated safety and 
patient-comfort profile. OPTIRAY offers significant advantages over conventional ionic contrast 
media, as well as a new approach to nonionic contrast media. 


In clinical trials involving over 1,100 patients across a broad range of imaging procedures, the 
incidence of individual drug-related adverse reactions with OPTIRAY was less than 1%.' 


Overall incidence of drug-related adverse reactions: All studies (n= 1,186)' 


ALLERGIC: Urticaria 0.2% CNS: Headache 
Sneezing 0.3% Blurred vision 
Periorbital edema 0.1% Disorientation 
Pruritus 0.1% Lightheadedness 


CARDIO- Angina 0.29% Vertigo T" 
VASCULAR: Bradycardia 0.1% Vasovagal reaction 


RESPIRATORY: Coughing 0.1% GASTRO- Nausea 


Nasal congestion 0.3% INTESTINAL: Vomiting 


Hypoxia 0.1% MISCEL- Shaking, chills 
LANEOUS: Bad taste 





Hydrophilicity: A key to low toxicity 
OPTIRAY is more hydrophilic (^water-loving") and less lipophilic ("lipid-loving") than iohexol or 
iopamidol? The more hydrophilic an agent, the less likely it will be to enter cells or cross the 


blood-brain barrier." < 
‘Caution must be used to avoid drawing clinical conclusions based solely upon nonclinical data. 


Improved patient comfort 


Clinical studies comparing OPTIRAY with conventional contrast agents have shown significantly 
less heat and discomfort with OPTIRAY.'? 
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THE PERCENTAGES ARE IN YOUR FAVOR 


Please see final page for brief summary of prescribing information. 
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OPTIRAY 320 provides overall diagnostic quality equivalent to iopamidol-370 or diatrizoate-370 
in coronary arteriography and left ventriculography with 14% less iodine.” 


It has not been established that low osmolality or nonionic contrast media are less nephrotoxic 
than conventional agents. However, there have been reports that show a direct relationship 
between nephrotoxicity and the dosage of contrast media administered. ^? The lower concentra- 
tion of OPTIRAY 320 provides a means for reducing the amount of medium administered, while 
still achieving a diagnostic study. 


Favorable hemodynamic and ECG profile 


In comparative studies with diatrizoate-370, OPTIRAY 320 had less effect on key hemodynamic 
and ECG parameters following coronary angiography and left ventriculography.*'^"* 


LVEDP changes following ^ OPTIRAY 520 Cardiac output changes following 
left ventriculography’ : sa aes left ventriculography’ 
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ANGIOGRAPHY 


In clinical studies involving patients undergoing coronary arteriography and left ventriculography, 
OPTIRAY 320 produced diagnostic-quality images in 10096 of cases, 94.796 of which were rated 
excellent or good. ° 






Overall radiographic quality: Coronary arteriography with left ventriculography °°" 
Contrast No. of No. of Procedures No. of Procedures 
Medium Patients Good or Excellent Rated Diagnostic 


OPTIRAY 320 180 (94.796) 190 (100%) 
lopamidol-370 78 77 (98.79) 78 (100%) 
Diatrizoate-370 79 75 (94.99%) 79 (100%) 



















Indications for OPTIRAY 


OPTIRAY 320 is indicated for a broad range of cardiac imaging procedures, including: 





Bi Coronary arteriography and left Bi Aortography, visceral and renal 
ventriculography arteriography 
Bil Peripheral arteriography E Cerebral arteriography 


OPTIRAY 160 is indicated for intra-arterial digital subtraction angiography (IA-DSA). 


All nonionic iodinated contrast media currently available inhibit blood coagulation, in vitro, less 
than ionic contrast media. Clotting has been reported when blood remains in contact with 
syringes containing nonionic contrast media. Therefore, meticulous intravascular administration 
technique is necessary to minimize thromboembolic events. 


Osmolality and viscosity of nonionic contrast agents 


Contrast Concentration Osmolali Viscosi 
Medium (mg lodine/mL) (mOsm/kg H,0) at 37°C (CPS) 


lopamidol* 


lohexol 

OPTIRAY 3205 
OPTIRAY 240 
OPTIRAY 160 





XS 


* Marketed by S m uibb i te under license from Bracco Industria Chimica, S. P A., Italy. 
{Marketed by Winthrop Pharmaceuticals under license from Nycomed AS, Norw 
§Marketed by Mallinckrodt Medical, Inc. Developed and manufactured by Mallinckrodt Medical, Inc. in the U.S.A. 
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OPTIRAY* 160 240 320 
(loversol Injection) 


ESCRIPTION: Each milliliter of OPTIRAY 160 (ioversol injection 
%) provides 339 mg of ioversol with 3.6 mg of tromethamine as a buffer 
d 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
les 16% (160 mg/mL) organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioverso! injection 51%) provides 509 mg 
ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
Icium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 
janically bound iodine. 

Each milliliter of OPTIRAY 320 (ioverso! injection 68%) provides 678 mg 
ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
icium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
janically bound iodine. J 


ONTRAINDICATIONS: None. 


ARNINGS: Nonionic iodinated contrast media inhibit blood 
agulation, in vitro, less than ionic contrast media. Clotting has been re- 
rted when blood remains in contact with syringes containing nonionic 
itrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
n and stroke have been reported during angiographic procedures with 
th ionic and nonionic contrast media. Therefore, meticulous intra- 
sCular administration technique is necessary, particularly during angio- 
iphic procedures, to minimize thromboembolic events. Numerous 
tors, including length of procedure, catheter and syringe material, un- 
rlying disease state and concomitant medications may contribute to the 
velopment of thromboembolic events. For these reasons, meticulous 
giographic techniques are recommended including close attention to 
idewire and catheter manipulation, use of manifold systems and/or 
ee-way stopcocks, frequent catheter flushing with heparinized saline 
lutions and minimizing the length of the procedure. The use of plastic 
ringes in place of glass syringes has been reported to decrease but not 
minate the likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the administration of 
lirie-containing radiopaque media. It is of utmost importance to be com- 
ttely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae, including 
rmanent paralysis, can occur following cerebral arteriography, selective 
inal arteriography and arteriography of vessels supplying the spinal cord. 
‘ause-effect relationship to the contrast medium has not been established 
ice the patients’ pre-existing condition and procedural technique are 
isative factors in themselves. The arterial injection of a contrast medium 
duld never be made following the administration of vasopressors since 
y strongly potentiate neurologic effects. 

Caution must be exercised in patients with severely impaired renal 
iction, combined renal and hepatic disease, severe thyrotoxicosis, 
‘elomatosis, or anuria, particularly when large doses are administered. 
Intravascularly administered iodine-containing radiopaque media are 
tentially hazardous in patients with multiple myeloma or other 
raproteinemia, particularly in those with therapeutically resistant anuria. 
reloma occurs most commonly in persons over age 40. Although neither 
! contrast agent nor dehydration has been proved separately to be the 
sse of anuria in myelomatous patients, it has been speculated that the 
mbination of both may be causative. The risk in myelomatous patients is 
t a contraindication to the procedure; however. special precautions, 
duding maintenance of normal hydration and close monitoring, are 
juired. Partial dehydration in the preparation of these patients prior 
injection is not recommended since this may predispose the patient to 
xcipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
having pheochromocytoma should be performed with extreme caution. 
in the opinion of the physician, the possible benefits of such procedures 
tweigh the considered risks, the procedures may be performed; 
wever, the amount of radiopaque medium injected should be kept to an 
solute minimum. The blood pressure should be assessed throughout the 
»cedure, and measures for treatment of a hypertensive crisis should 
available. 

Contrast media may promote sickling in individuals who are homozygous 
' sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
Jiopaque agents in patients with hyperthyroidism or with an auton- 
ously functioning thyroid nodule, suggest that this additional risk be 
aluated in such patients before use of any contrast medium. 


RECAUTIONS: General: Diagnostic procedures which involve the 
e of iodinated intravascular contrast agents should be carried out under 
2 direction of personnel skilled and experienced in the particular pro- 
dure to be performed. A fully equipped emergency cart, or equivalent 
pplies and equipment, and personnel competent in recognizing and treat- 
} adverse reactions of all types should always be available. Since severe 
layed reactions have been known to occur, emergency facilities and com- 
tent personne! should be available for at least 30 to 60 minutes after 
ministration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
lure in patients with advanced vascular disease, diabetic patients, and in 
sceptible non-diabetic patients (often elderly with pre-existing renal 
sease). Patients should be well hydrated prior to and following the 
ministration of OPTIRAY. 

The possibility of a reaction, including serious, life-threatening. fatal. 
aphylactoid or cardiovascular reactions, should always be consid- 
ad (See ADVERSE REACTIONS). Increased risk is associated with a his- 
ry of previous reaction to a contrast medium, a known sensitivity to iodine 
d known allergies (i.e. , bronchial asthma, hay fever and food allergies) or 
persensitivities. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
veral pretesting methods. However, pretesting cannot be relied upon to 
edict severe reactions and may itself be hazardous to the patient. It is 
iggested that a thorough medical history with emphasis on allergy and 
'persensitivity, prior to the injection of any contrast medium, may be more 
Curate than pretesting in predicting potential adverse reactions. A posi- 
'e history of allergies or hypersensitivity does not arbitrarily contrain- 
cate the use of a contrast agent when a diagnostic procedure is thought 
sential, but caution should be exercised. Premedication with antihis- 
mines or corticosteroids to avoid or minimize possible allergic reactions 
such patients should be considered. Reports indicate that such pretreat- 
ent does not prevent serious life-threatening reactions, but may reduce 
ith their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
ires in selected patients; however, a higher incidence of adverse reactions 
is been reported in these patients, and may be attributable to the inability 
the patient to identify untoward symptoms or to the hypotensive effect 
anesthesia which can prolong the circulation time and increase the dura- 
in of exposure to the contrast agent. 

In angiographic procedures, the possibility of dislodging plaques or 
imaging or perforating the vessel wall should be considered during cathe- 
r manipulations and contrast medium injection. Test injections to insure 
oper catheter placement are suggested. l 
Angiography should be avoided whenever possible in patients with 
ymocystinuria because of the risk of inducing thrombosis and embolism. 
Patients with congestive heart failure should be observed for sev- 
al hours following the procedure to detect delayed hemodynamic 


disturbances which may be associated with a transitory increase in 
the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. À 

Other drugs should not be mixed with ioverso! injection. 

Drug Laboratory Test Interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to iaversol 
have been observed in teratology studies performed in animals. There are, 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers: It is not known whether ioversol is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment). However, serious. 
lite-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the administration of iodine-containing contrast 
media. 

Injections of contrast media are often associated with sensations of 
warmth and pain. In controlled double-blind clinical studies. significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium. 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

OPTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure. 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioversol 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others in a 
system regardless of frequency. 


Adverse Reactions 


System > 196 « 196 





none angina pectoris 
hypotension 
vascular spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 
vascular trauma 


nausea 
vomiting 

cerebral infarct 
headache 

blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
dysphasia 
paresthesia 

visual hallucination 
laryngeal edema 
nasal congestion 
sneezing 

coughing 

hypoxia 

periorbital edema 
urticaria 

facial edema 

flush 

pruritus 


extravasation 
shaking chills 
bad taste 
general pain 

Regardless of the contrast medium employed, the overall incidence of 
serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation. serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin. have occurred. Most deaths 


Cardiovascular 


Digestive none 


Nervous none 


Respiratory none 


Skin 


none 


Miscellaneous none 


occur during injection or 5 to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the administration o: 
conventional iodinated contrast agents range from 6.6 per 1 millior 
(0.00066 percent) to 1 in 10,000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two categories 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contras: 
medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injection, the mode o* 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions are 
self-limited and of short duration: the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

In addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: muscular spasm, convulsions, aphasia, syncope, paralysis. 
visual field losses which are usually transient but may be permanent, coma 
and death. 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation 
thrombosis and rarely thrombophlebitis, disseminated intravascular 
coagulation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
sis and tissue necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and bronchospasm. pulmonary edema, apnee 
and cyanosis. Rarely these allergic-type reactions can progress intc 
anaphylaxis with loss of consciousness, coma, severe cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia. temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as 2 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
of arterial plaques, venous thrombosis. dissection of the coronary vessels 
and transient sinus arrest are rare complications 

In cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizures. drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
studies in cerebral arteriography that occurred with frequencies greater 
than 1% were: vertigo (4%) and blurred vision (3%). 

In aortography, depending on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia 
have also been reported in patients with aortoiliac obstruction, femora! 
artery obstruction. abdominal compression, hypotension, hypertension. 
spinal anesthesia, and injection of vasopressors to increase contrast. Ir 
these patients the concentration. volume, and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms. albuminuria, hematuria, and an elevated creat- 
inine and urea nitrogen. Rapid and complete return of function usually 
follows. 

Cardiovascular system reactions with OPTIRAY in controlled clinical 
studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis. 
severe hypertension, cardiac decompensation. senility. recent cerebral 
thrombosis or embolism. and migraine. 


Peripheral Arteriography 

Pulsation should be present in the artery to be injected. In thromboan- 
giitis obliterans, or ascending infection associated with severe ischemia. 
angiography should be performed with extreme caution. if at all. 


Coronary Arteriography and Left Ventriculography 

Mandatory prerequisites to the procedure are specialized personnel. ECG 
monitoring apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiograms and vital signs should be routinely 
monitored throughout the procedure. 


Venography 

Special care is required when venography is performed in patients wit? 
suspected thrombosis, phlebitis, severe ischemic disease. local infection 
or a totally obstructed venous system. In order to minimize extravasation 
during injection, fluoroscopy is recommended 


OVERDOSAGE: The adverse effects of overdosage are life- 
threatening and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of all vital 
functions. and prompt institution of symptomatic therapy. 

loversol does not bind to plasma or serum protein and is therefore. 
dialyzable. 

The intravenous LDso values (gl/kg) for ioversol in animals were: 
17 (mice). and 15 (rats) 


DOSAGE AND ADMINISTRATION: Details on dosage 
are provided in the package insert. CONSULT FULL PACKAGE INSERT 
BEFORE USE. 
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Histopathologic and Electrophysiologic Correlations in Idiopathic 
Dilated Cardiomyopathy and Sustained Ventricular Tachyarrhythmia 


Y.S. Archie Lo, MD, Margaret Billingham, MB, Reed A. Rowan, PhD, Hon-Chi Lee, MD, 


L. Bing Liem, DO, and Charles D. Swerdlow, MD 


diopathic dilated cardiomyopathy is associated with 

a high incidence of serious ventricular arrhythmias, 
which carry a significant risk of sudden death.! In con- 
trast to patients with coronary artery disease, in whom 
ventricular tachycardia arises as a result of reentrant 
circuits that form during the healing of an infarct,?-^ the 
histologic substrate for ventricular arrhythmias in dilated 
cardiomyopathy has not been identified. Using various 
semiquantitative scoring methods, several groups have 
attempted to correlate histopathology with hemodynamic 
data as well as prognosis in patients with idiopathic dilat- 
ed cardiomyopathy.>-* Myocarditis has been reported in 
patients with dilated cardiomyopathy and unexplained 
ventricular arrhythmias.? However, a possible correlation 
between the inducibility of sustained ventricular tachy- 
cardia during electrophysiologic study and histopatholo- 
gy has not been systematically examined. A preliminary 
report from Stanford University suggested that a semi- 
quantitative histologic score may be useful in predicting 
response to 8 blockers in patients with dilated cardiomy- 
opathy.!? To determine if an identifiable histologic corre- 
late for inducible sustained ventricular tachycardia exists 
in patients with idiopathic dilated cardiomyopathy pre- 
‘senting with sustained ventricular tachyarrhythmia, we 
analyzed histologic and electrophysiologic data from 25 

such patients using the same scoring system. 

Electrophysiologic testing and endomyocardial biop- 

sy were performed in 25 patients who met the inclusion 
criteria. These patients had both idiopathic dilated car- 
diomyopathy and spontaneous ventricular tachycardia 
or fibrillation, or both. Idiopathic dilated cardiomyopa- 
thy was defined according to the World Health Organi- 
zation criteria!! and confirmed by the presence of all of 
the following: global left ventricular hypokinesis; left 
ventricular ejection fraction <50%; absence of a history 

-of myocardial infarction or significant coronary artery 
disease as defined by 250% narrowing of luminal diam- 
eter; and absence of significant valvular disease. 

The clinical arrhythmia was sustained ventricular 
tachycardia in 12 patients, sustained ventricular tachy- 
cardia and ventricular fibrillation in 4 patients, and ven- 
tricular fibrillation alone in 9 patients. Patients with 
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obvious electrolyte abnormalities at the time of their 
clinical arrhythmia were excluded from the study. 

Patients were studied in the fasting, nonsedated state 
after all antiarrhythmic medications except digoxin 
were discontinued for at least 5 half-lives. Stimuli were 
2-ms rectangular pulses delivered at twice diastolic 
threshold. Programmed stimulation was performed with 
1, 2 and 3 extrastimuli during ventricular paced rhythm 
at 2 basic pacing cycle lengths (600 and 400 ms). Pacing 
was performed from the right ventricular apex and out- 
flow tract. The coupling interval of each extrastimulus 
was shortened until refractoriness occurred or sustained 
ventricular tachycardia or ventricular fibrillation was 
induced. In 11 patients in whom tachycardia was not 
inducible at baseline, the stimulation protocol was re- 
peated during intravenous isoproterenol infusion. 

Induced arrhythmias were defined as follows. NON- 
INDUCIBLE = € repetitive ventricular responses. NONSUS- 
TAINED VENTRICULAR TACHYCARDIA = spontaneously ter- 
minating ventricular tachycardia lasting from 6 com- 
plexes to 30 seconds. SUSTAINED VENTRICULAR TACHYCAR- 
DIA = ventricular tachycardia 230 s or requiring 
termination by cardioversion or pacing in less time due to 
hemodynamic collapse. MONOMORPHIC VENTRICULAR 
TACHYCARDIA = uniform QRS morphology in each of 12 
surface electrocardiographic leads. POLYMORPHIC VEN- 
TRICULAR TACHYCARDIA = QRS morphology varying con- 
tinuously in any surface electrocardiographic lead. VEN- 
TRICULAR FIBRILLATION = polymorphic sustained ventric- 
ular tachyarrhythmia with a mean cycle length of <200 
ms. 

Endomyocardial biopsy specimens were obtained 
with the Caves-Schultz-Stanford bioptome. At least 4 
biopsy specimens were obtained from the right ventricle. 





hy 


FIGURE 1. Light 
ing marked myocyte hypertrophy, fibrosis and bizarre-shaped 
nuclei (hematoxylin and eosin stain). 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 1, 1989 1063 





microscopic section of cardiac biopsy show- 





Tissues for light microscopy were fixed in 10% buffered 
formalin. Staining was performed with hematoxylin and 
eosin, and Masson trichrome. Tissue for electron mi- 
croscopy was fixed in 2.5% glutaraldehyde and 2% 
formaldehyde in 0.1 M sodium cacodylate hydrochlo- 
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ride buffer at a pH of 7.4. Postfixation was carried out in 
2% osmium tetroxide; specimens were then stained en 
bloc in 2% aqueous uranyl acetate, dehydrated and em- 
bedded in epoxy resin. Sections were cut with a diamond 
knife and stained with lead citrate. 

Morphometric measurements were made with a Mi- 
crocomp Image Analysis System (Southern Micro In- 
struments). Myocyte profile width was determined using 
single transverse measurements at the level of the nucle- 
us of longitudinally cut cells. Nuclear profile area was 
traced with a digitizer. Myocyte cell diameter was mea- 
sured using an average obtained by measuring 2-50 cells 
under magnification X 400. Histologic characteristics on 
light microscopy included semiquantitative assessment 
of myocyte hypertrophy and interstitial fibrosis (Figure 
1). Electron microscopy was performed on specimens 
from 13 of 25 patients. Cardiomyopathic changes on 
electron microscopy were based on the degree of myocyte 
hypertrophy, bizarreness of nuclei, myofibrillar degen- 
eration and sarcotubular swelling (Figure 2). Morpho- 
logic abnormalities were graded 1 to 3+, with 1 to 1.5+ 
= mild, 2 to 2.5+ = moderate and 3+ = severe. Analysis 
of biopsies was performed without knowledge of clinical 
data by one of us (MB). 

Patients with inducible sustained monomorphic ven- 
tricular tachycardia were compared to those without 
with respect to the following variables: age, sex, present- 
ing clinical arrhythmia (sustained ventricular tachycar- 
dia or ventricular fibrillation), use of digoxin, left ven- 
tricular ejection fraction, left ventricular end-diastolic 
pressure, cardiac index, light-microscopic abnormalities 
(myocyte hypertrophy, interstitial fibrosis) and electron- 
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with myofibrillar loss (mfi) and remaining Z bands 





(arrow). C, myelin figures (long arrow) and sarcotubular swelling (short arrows). Magnification X 6,678. 
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TABLE I Clinical, Hemodynamic and Anatomic Characteristics of Patients With and Without Inducible Sustained Monomorphic 
. Ventricular Tachycardia (ISMVT) 


Pts without ISMVT 
(n = 8) 


44 € 14 
3/8 (38) 


Pts with ISMVT 
(n = 17) 


41417 
7/17 (41) 


Age (yrs) 

Female sex (%) 

Presenting clinical arrhythmia: 
VT (%) 

Digoxin use (%) 


10/17 (59) 
4/17 (24) 


3/8 (38) 
2/8 (25) 


Clinical arrhythmia occurring 1/17 
in the presence of AAD 

LVEF (%) 

LVEDP (mm Hg) 

Cardiac index (liters /min /m?) 

22+ LM interstitial fibrosis (%) 

22+ LM myocyte hypertrophy (96) 

LM myocyte width (x) 

LM nuclear size (u?) 

224- cardiomyopathic changes* (96) 


2943 
15+2 


24+2 
7347 


* by electron microscopy, available in 13 patients. 


2.3 +0.1 
14/16 (88) 
16/16 (100) 


7/7 (100) 


1/8 


22:13 
20 +3 
2.1 +0.1 
6/8 (75) 
8/8 (100) 
25 +1 
79+6 
2/6 (33) 


AAD = antiarrhythmic drug; EDP = end-diastolic pressure; EF = ejection fraction; LM = light microscopy; LV = left ventricular; VT = ventricular tachycardia. 


microscopic abnormalities (cardiomyopathic changes). 
Statistical comparisons between groups were performed 
by the Student t test for continuous variables and chi- 
square test for discrete variables. A p value of <0.05 was 
accepted as significant. 

Data correlating the clinical, hemodynamic and his- 
topathologic characteristics of our patient population to 
the inducibility of ventricular tachycardia are listed in 
Table I. There were no Statistically significant differ- 
ences between patients with inducible sustained ventricu- 
lar tachycardia, and those without, with respect to age, 
sex, presenting clinical arrhythmia, use of digoxin, left 
ventricular ejection fraction, left ventricular end-dia- 
stolic pressure and cardiac index. As determined by light 
microscopy, the majority of patients in both groups had 
22+ interstitial fibrosis and all patients had =2+ myo- 
cyte hypertrophy; however, these criteria did not dis- 
criminate between the 2 groups. The degree of cardio- 
myopathic changes by electron microscopy was a strong 
discriminant for the inducibility versus noninducibility 
of sustained monomorphic ventricular tachycardia. A 
score of =2+ was present in 100% of patients with induc- 
ible ventricular tachycardia, whereas only 33% of pa- 
tients without sustained ventricular tachycardia had a 
score of 22+ (p <0.05). Patients with more severe car- 
diomyopathic changes (= 2+) tended to have more inter- 
stitial fibrosis and myocyte hypertrophy than those with 
less severe changes (Table II). 

The present study is the first to establish that cardio- 
myopathic changes as detected by electron microscopy 
identify a histologic correlate of inducible sustained ven- 
tricular tachycardia in patients with idiopathic dilated 
cardiomyopathy presenting with sustained ventricular 
tachyarrhythmia. Specifically, the presence of moderate 
to severe cardiomyopathic changes was associated with a 
predictive accuracy of 80% for inducibility of sustained 
monomorphic ventricular tachycardia. This suggests that 
such ultrastructural abnormalities may favor the genesis 
of reentrant ventricular arrhythmias. On the other hand, 
such parameters as the presenting clinical arrhythmia, 
left ventricular function and light-microscopic character- 





TABLE Il Clinical, Hemodynamic and Anatomic 
Characteristics of Patients with Various Degrees of 
Cardiomyopathic Changes 


Cardiomyopathic Changes* 


1 to 1.5+ 22+ 
(n=4) (n = 9) 


45 t 17 3146 
2/4 (50) 0/9 (0) 
2/4 (50) 5/9 (55) 


Age (yrs) 

Female sex (96) 

Presenting clinical arrhythmia: 
VT (96) 

Digoxin use (96) 

Clinical arrhythmia occurring 
in the presence of AAD (96) 

LVEF (96) 

LVEDP (mm Hg) 

Cardiac index (liters / min / m?) 

>2+ LM interstitial fibrosis (96) 2/4 (50) 


22+ LM myocyte hypertrophy (96) 2/4 (50) 
LM myocyte width (x) 25 13 26 X7 
LM nuclear size (u?) 79 € 18 86 + 22 


* chi-square test not performed due to small number of patients. 
Abbreviations as in Table |. 


istics failed to discriminate between patients with and 
without inducible ventricular tachycardia. 

The mechanisms of ventricular tachycardia in dilated 
cardiomyopathy may involve automaticity and impulse 
conduction abnormalities.!*:!3 While direct evidence that 
correlates the pathogenesis of clinical arrhythmias with 
cellular ultrastructural pathology is lacking, there is good 
reason to believe that ultrastructural manifestations of 
diseased cardiac tissue are accompanied by electrophysi- 
ologic derangements.!^!^ A correlation between electro- 
physiologic derangements and the degree of ultrastruc- 
tural abnormalities such as myofibrillar degeneration, 
mitochondrial irregularities, aggregates of dilated sarco- 
plasmic reticulum and lysosomal degeneration has been 
reported.!? Such derangements included a reduction of 
action potential amplitude, maximum diastolic potential 
and upstroke velocity. Reduction of the resting mem- 
brane predisposes to abnormal automaticity,!? and may 
result in impaired electrical impulse conduction.!? In- 


2/4 (50) 
0/4 (0) 


4/9 (44) 
1/9 (11) 


22 t2 
1927 
2.3+0.1 


26 + 10 
18+8 
2.1+0.1 
9/9 (100) 
9/9 (100) 
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deed, with steady and low levels of resting potential, sodi- 
um channels are partially inactivated, resulting in re- 
duced conduction velocity. Further depolarization and 
inactivation of the sodium channels may render the tissue 
inexcitable and create a site of conduction block. Hence, 
cellular electrophysiologic derangements caused by dis- 
eases such as cardiomyopathy provide the necessary sub- 
strate for reentrant arrhythmias. 

In this study, the outcome of electrophysiologic test- 
ing was correlated with cardiac histopathology, which 
was evaluated semiquantitatively. Inherent in this meth- 
od is a certain degree of subjectivity and arbitrariness. 
However, this scoring system has been useful in predict- 
ing response to 6 blockers in patients with idiopathic 
dilated cardiomyopathy.!? As is the case with the Dallas 
criteria for myocarditis, a consensus approach to the 
grading of the severity of cardiomyopathic changes is 
needed. Another limitation of this study is the small num- 
ber of patients participating. 

Moderate to severe cardiomyopathic changes may 
identify a histologic correlate for inducible sustained ven- 
tricular tachycardia. If our findings are confirmed by a 
larger study, then the presence of severe cardiomyopathic 
changes would suggest a high likelihood of inducing sus- 
tained ventricular tachycardia in the electrophysiologic 
laboratory. 
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Impact of Age on Echocardiographic Left Ventricular Mass 
in a Healthy Population (The Framingham Study) 


Andrew L. Dannenberg, MD, MPH, Daniel Levy, MD, 


L^ ventricular (LV) mass assessed by echocardiog- 
raphy has been observed to increase monotonically 
with age in a recent Framingham Study report! and in 
other studies. Blood pressure and body mass are 2 of the 
most important risk factors for increased LV mass; both 
tend to increase with age. The question arises whether 
increased LV mass is an inevitable consequence of aging, 
or whether LV mass remains stable with age in the ab- 
sence of other risk factors. We analyzed the relation of 
LV mass to age in a healthy subset of Framingham Study 
participants who were studied routinely by echocardiog- 
raphy. 

Study design and selection criteria for the original 
Framingham population-based study sample and their 
offspring (and spouses of offspring) have been described 


From the Epidemiology and Biometry Program, National Heart, Lung, 
and Blood Institute, Federal Building, Room 3A-08, 7550 Wisconsin 
Avenue, Bethesda, Maryland 20892; and the Framingham Heart 
Study, National Heart, Lung, and Blood Institute, Framingham, Mas- 
sachusetts. Manuscript received April 10, 1989; revised manuscript 
received and accepted July 27, 1989. 


1066 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 


and Robert J. Garrison, MS 


previously.’ Informed consent was obtained from each 
participant before examination. Examinations at the 
study clinic in Framingham, Massachusetts, routinely 
include measurement of height, weight and blood pres- 
sure, as well as an electrocardiogram. Use of medica- 
tions is assessed as part of the medical history obtained 
in each participant. 

From 1979 to 1983, M-mode echocardiograms were 
obtained in 2,291 of 2,351 surviving original cohort par- 
ticipants (mean age 69 years, range 59 to 90) undergoing 
their sixteenth biennial examination and 3,857 of 3,867 
offspring (mean age 44, range 17 to 75) undergoing their 
second examination. A healthy subgroup of 862 study 
participants (177 from cohort, 685 from offspring), aged 
18 to 79 years, was derived using exclusion criteria iden- 
tical to those used to establish echocardiographic refer- 
ence standards for LV hypertrophy? 

The exclusion criteria are: technically inadequate 
studies (contributed to exclusion of 19% of partici- 
pants); evidence of cardiopulmonary disease by history, 
physical examination, electrocardiogram, chest x-ray or 


a A A. Se eee 


echocardiogram (excluded 58% of participants); sys- 
temic arterial blood pressure at least 140/90 mm Hg at 
the time of echocardiography (excluded 37% of partici- 
pants); use of prescription medications for cardiopulmo- 
nary disease, including diuretics and antihypertensive 
agents (excluded 41% of participants); and weight >20% 
above or below the midpoint of recommended weight 
(medium build range) for that height in the 1959 Metro- 
politan Life Insurance Co. tables (excluded 52% of par- 
ticipants). Many excluded participants had several ex- 
clusion criteria. As previously reported,’ similar propor- 
tions of men and women were excluded due to the first 3 
criteria. More men than women were excluded due to 
being overweight (58 vs 35%) and fewer men than women 
were excluded due to being underweight (2 vs 10%). 
Older participants were more likely to be excluded than 
younger participants. For the age groups 20 to 29, 30 to 
39, 40 to 49, 50 to 59, 60 to 69 and 70 to 79 years, there 
were 59, 102, 96, 56, 25 and 7 men and 52, 179, 143, 70, 
57 and 16 women, respectively, included in the healthy 
subgroup. 

Participants were studied using a standard M-mode 
echocardiographic technique as previously described. 
Measurements were made according to the Penn conven- 
tion described by Devereux and Reichek;* LV mass (g) = 
1.04 [(LVID + IVST + PWT)? — (LVID)?] — 13.6; 
where LVID = diastolic LV internal diameter, IVST = 
diastolic interventricular septal thickness and PWT = 
diastolic posterior wall thickness. 

Leisure time physical activity was assessed by ques- 
tionnaire in the offspring study only? Participants were 
asked to recall their leisure activities using a list of 
activities as a reminder. The participants also gave the 
average time per week engaged in each activity as well as 
the number of weeks during the previous year of partici- 
pation in that activity. Using energy equivalents derived 
from review of published values,’ kilocalories expended 
in leisure activity each week (averaged over the previous 
year) were estimated. 

Sex-specific mean values of LV mass divided by 
height (g/m) were calculated for each age decade for 
both the total study group and the healthy subgroup. 
Stepwise least-squares multiple regression analysis 
(Statistical Analysis Systems) was used to assess the 
joint effects of age, height, systolic blood pressure, body 
mass index (weight [in kg] divided by height [in m"]) 
and physical activity level as potential determinants of 
echocardiographic LV mass. 

From the 20 to 29 to the 70 to 79 year age groups of 
men, mean LV mass/height decreased slightly from 102 
to 96 g/m (—6%) in the healthy subgroup compared with 
the substantial increase from 106 to 133 g/m (4- 2596) in 
the total study group (Figure 1). For women, there was a 
relatively small increase with age from 69 to 79 g/m 
(+15%) in the healthy subgroup compared to a large 
increase from 70 to 108 g/m (+54%) in the total study 
group. 

In multivariate analysis of the healthy subgroup, 
height and body mass index were significantly associ- 
ated with LV mass in both men and women (p «0.001). 


TABLE I impact of Various Clinical Variables on Left 
Ventricular Mass Among Highly Selected, Healthy 
Framingham Study Subgroups, Ages 17 to 79 Years (Cohort 
Examination 16 and Offspring Cycle 2, 1979 to 1983): Results 
of Multivariate Regression Analysis 


Increment in Left Ventricular Mass (g) 


Cohort and Offspring Offspring only* 


Variable 


(Increment) Men Women 


No. 
Age (10 years) 
Height (10 cm) 
Systolic blood pressure 
(20 mm Hg) 
Body mass index 
(2 kg/m?) 
Physical activity 
(1,000 kcal /week) 
Intercept 
Values are increments in left ventricular mass as a function of unit increments of the 
independent vari : 
* p «001; t p «0.001. 
M is limited to members of healthy subset in which physical activity was 
measured. 


However, systolic blood pressure was not significantly 
associated with LV mass in either sex in this analysis and 
age was significantly related to LV mass only in women 
(Table I). As suggested by Figure 1, the age coefficient 
for women in the healthy subgroup is much smaller than 
that estimated for women in the total group (3.6 vs 9.0 g/ 
10 years). This multivariate analysis was repeated for 
those members of the healthy subgroup for whom a 
physical activity level was available (i.e., Framingham 
offspring only). For both men and women in this group, 
physical activity, height and body mass index were sig- 
nificantly associated with LV mass (all p «0.001, except 
p «0.01 for physical activity in women); no association 
with LV mass was observed for age or systolic blood 
pressure in either sex (Table I). 


BB Men—total 

O Women-total — 
@ Men-healthy _ 
O Women-healthy 


20-29 30-39 40-49 50-59 60-69 70-79 80-89 
Age (years) 


FIGURE 1. Echocardiographic left ventricular (LV) mass by 
age and sex in total study group (2,226 men, 2,746 women) 
and in healthy subgroup (345 men, 517 women). Framingham 
Study Cohort Examination 16 and Offspring Cycle 2, 1979 
to 1983. 
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In healthy men and women who were normotensive, 
nonobese and had no evidence of cardiovascular disease, 
we observed only minimal change in mean LV mass with 
advancing age. In contrast, participants in the total study 
group were observed to have a substantial increase in 
mean LV mass with age. In the multivariate analyses, age 
was not significantly associated with LV mass in men and 
only weakly associated with LV mass in women in the 
healthy subgroup, although it was strongly associated 
with LV mass in the total study group.! These cross- 
sectional results suggest that LV mass may remain rel- 
atively stable with age in the absence of other risk fac- 
tors. 

The disparate findings of other studies6? that have 
examined the relation between advancing age and mass 
may be a result of the different populations studied and 
the exclusion criteria used. In particular, we undertook a 
close examination of the relation between age and LV 
mass. We selected a healthy population to avoid the con- 
founding effects of obesity, hypertension and valvular and 
coronary heart disease, which increase in prevalence with 
advancing age. When such conditions are not excluded 
from the same population-based sample, a significant 
relation between age and LV mass emerges.! The atten- 
uation of the age-LV mass relation in this healthy subset 
of the Framingham Study suggests that LV mass in- 
creases with age not by virtue of an intrinsic myocardial 
aging process, but rather as a function of other extramyo- 
cardial events that accompany advancing age. 

Our findings suggest that lean body mass or adiposity 
affects LV mass even within a relatively narrow weight 
range (within 2096 of recommended Metropolitan Life 
Insurance Co. weight). As expected, the regression coeffi- 
cients for stature are similar among various subgroups. 
All 4 coefficients for height are within the range of coeffi- 
cients previously reported for the total study group.! The 
absence of an association between systolic blood pressure 
and LV mass in the healthy subgroup suggests that blood 
pressure has no more than a weak association with LV 
mass in normotensive persons. 

Physical activity was associated with LV mass in both 
men and women in the healthy subgroup. In contrast, in 
the total study group there was a weak association be- 
tween activity and LV mass in men under age 50, and no 
association in men over age 50 or in women.! Since the 
coefficients in Table I are larger than any of the age- and 
sex-specific coefficients in the total group,! it seems un- 
likely that the relative youth of this subset explains this 
result. While these coefficients suggest that the left ven- 
tricle in a “healthy” subject could be more responsive to 
an exercise stimulus, an investigation of this relation in a 
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controlled setting would be more likely to provide con- 
vincing evidence. 

Several limitations should be mentioned. While cross- 
sectional data can be used to identify attributes associ- 
ated with increased LV mass, causality cannot be proven 
with such data. Future reports based on clinical follow-up 
of Framingham participants with echocardiographically 
assessed LV mass will provide better evidence of cause 
and effect relations. The healthy subgroup was defined 
using previously published exclusion criteria; analyses 
based on other exclusion criteria (such as different blood 
pressure or body mass index cutoffs) might reveal stron- 
ger or weaker associations between LV mass and various 
attributes. Almost all Framingham Study participants 
are white; therefore, our results may not be generalizable 
to nonwhite individuals. In addition, variations in LV 
mass may be explained in part by variables not assessed in 
these analyses such as genetic, neurohumoral and endo- 
crine factors. 

Our results indicate that increased LV mass may not 
be an inevitable consequence of aging. While this finding 
may be encouraging, it should be interpreted cautiously 
considering the rarity of "healthy" individuals (1296 of 
men and 15% of women among Framingham partici- 
pants). Because recent reports suggest that LV hypertro- 
phy is associated with an increased risk of cardiovascular 
disease sequelae,? interventions to help people achieve 
and maintain normal blood pressure and ideal body 
weight are likely to contribute to the prevention of both 
LV mass increase and associated adverse sequelae. 


1. Savage DD, Levy D, Dannenberg AL, Garrison RJ, Castelli WP. Association 
of echocardiographic left ventricular mass with body size, blood pressure, and 
physical activity: The Framingham Study. Am J Cardiol, submitted. 

2. Kannel WB, Feinleib M, McNamara PM, Garrison RJ, Castelli WP. An 
investigation of coronary heart disease in families. The Framingham Offspring 
Study. Am J Epidemiol 1979;110:281—290. 

3. Levy D, Savage DD, Garrison RJ, Anderson KM, Kannel WB, Castelli WP. 
Echocardiographic criteria for left ventricular hypertrophy. The Framingham 
Heart Study. Am J Cardiol 1987;59:956—960. 

4. Devereux RB, Reichek N. Echocardiographic determination of left ventricular 
mass in man. Anatomic validation of the method. Circulation 1977;55:613-618. 
5. Dannenberg AL, Keller JR, Wilson PWF, Castelli WP. Leisure time physical 
activity in the Framingham offspring study: description, seasonal variation and 
risk factor correlates. Am J Epidemiol 1989;129:76-88. 

6. Devereux RB, Lutas EM, Casale PN, Kligfield P, Eisenberg RR, Hammond 
IW, Miller DH, Reis G, Alderman MH, Laragh JH. Standardization of M-mode 
echocardiographic left ventricular anatomic measurements. JACC 1984;4:1222- 
1230. 

7. Gardin JM, Henry WL, Savage DD, Ware JH, Burn C, Borer JS. Echocardio- 
graphic measurements in normal subjects: evaluation of an adult population 
without clinically apparent heart disease. J Clin Ultrasound 1979;7:439-447. 
8. Laketta EG. Alterations in the cardiovascular system that occur in advanced 
age. Fed Proc 1979;38:163-167. 

9. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli MP. Left ventricular 
mass and incidence of coronary heart disease in an elderly cohort: the Framing- 
ham Heart Study. Ann Intern Med 1989;110:101-107. 





Prevent the event — 


Artist's dépictiang of red blood cells and platelets — | 


PLATELET ADHESION INHIBITOR 


Persantine 


(dipyridamole Juse ON 


Prevents thromboembolic events when 
used in combination with coumarin anticoagulants 
in cardiac valve replacement 


Indicate “Medically necessary” 
Protect your choice of medication 


n AN 
ANA i Boehringer Ingelheim THE AMERICAN gy 
(i enger Pharmaceuticals Inc HEART ASSOCIATION, 
] : PHARMACEUTICAL 


"T E 

PILLIL dI 

wax” Ingelheim Ridgefield, CT 06877 SAL 
Please see brief summary of prescribing information on next page 





A100 





Persantine 


(dipyridamole): 2 Pou 


Brief Summary of Prescribing Information 
CONTRAINDICATIONS None known. 


PRECAUTIONS General Persantine® (dipyridamole 
USP) should be used with caution in patients with 
hypotension since it can produce peripheral 
vasodilation. 


Carcinogenesis, Mutagenesis, Impairment of 
Fertility In a 111 week oral study in mice and in a 
128-142 week oral study in rats, Persantine produced 
no significant carcinogenic effects at doses of 8, 25 
and 75 mg/kg (1, 3.1 and 9.4 times the maximum 
recommended daily human dose). Mutagenicity test- 
ing with Persantine was negative. Reproduction 
studies with Persantine revealed no evidence of 
impaired fertility in rats at dosages up to 60 times the 
maximum recommended human dose. A significant 
reduction in number of corpora lutea with consequent 
reduction in implantations and live fetuses was, 
however, observed at 155 times the maximum recom- 
mended human dose. 


Teratogenic Effects PREGNANCY CATEGORY B 
Reproduction studies have been performed in mice 
and rats at doses up to 125 mg/kg (15.6 times the 
maximum recommended daily human dose) and 
rabbits at doses up to 20 mg/kg and have revealed 
no evidence of harm to the fetus due to Persantine. 
There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal repro- 
duction studies are not always predictive of human 
response, this drug should be used during pregnancy 
only if clearly needed. 


Nursing Mothers As dipyridamole is excreted in 
human milk, caution should be exercised when 
Persantine is administered to a nursing woman. 


Pediatric Use Safety and effectiveness in children 
below the age of 12 years has not been established. 


ADVERSE REACTIONS Adverse reactions at 
therapeutic doses are usuaily minimal and transient. 
On long-term use of Persantine* (dipyridamole USP) 
initial side effects usually disappear. The following 
reactions were reported in two heart valve replace- 
ment trials comparing Persantine and warfarin therapy 
to either warfarin alone or warfarin and placebo: 


Persantine/ Placebo/ 
Warfarin Warfarin 
(N = 147) (N = 170) 
Dizziness 13.6% 8.2% 
Abdominal 
distress 6.1% 3.5% 
Headache 2.3% 0.0 
Rash 2.3% 1.1% 


Other reactions from uncontrolled studies include 
diarrhea, vomiting, flushing and pruritus. In addition, 
angina pectoris has been reported rarely. On those 
uncommon occasions when adverse reactions have 
been persistent or intolerable, they have ceased on 
withdrawal of the medication. 


When Persantine was administered concomitantly 
with warfarin, bleeding was no greater in frequency or 
severity than that observed when warfarin was admin- 
istered alone. 


HOW SUPPLIED Persantine® (dipyridamole USP) is 
available as round, orange, sugar-coated tablets of 25 
mg, 50 mg and 75 mg in the following package sizes: 


25 and 50 mg Tablets: Bottles of 100 and 1000, unit 
dose of 100. 


75 mg Tablets: Bottles of 100 and 500, unit dose of 
100 


Consult package insert before prescribing. 


PE-4282 PE-BPI-6/88 


Pharmaceuticals, Inc. 


® Boehringer Boehringer Ingelheim 
e» Ingelheim Ridgefield, CT 06877 


INVASIVE CARDIOLOGIST to join active 
Cardiology only group practice in North 
Central Texas Metroplex Area. All aspects 
of invasive and non-invasive Cardiology of- 
fered in tertiary hospital setting. Early part- 
nership. Please reply Box 1010, The Amer- 
ican Journal of Cardiology, 249 W. 17th 
St., NY, NY 10011. 


CARDIOLOGISTS. Needed immediately to join expand- 
ing multispecialty group. Practice in Las Vegas, Nevada. 
This is an excellent opportunity in a growing area (popu- 
lation 600,000+). Fee for service and prepaid health 
care. Must be board certified and have experience in all 
aspects of invasive and non-invasive studies. Position 
offers excellent compensation and benefits package, in- 
cluding paid malpractice, stock option and relocation 
expenses. Interested individuals should submit curricu- 
lum vitae in confidence to: Southwest Medical Asso- 
ciates, Attn: Janet R. McGee, Manager, Physician Re- 
cruitment, P.O. Box 15645, Las Vegas, NV 89114-5645. 


CARDIOLOGIST BE/BC—Consultative practice; all as- 
pects of invasive cardiology; active heart program. To 
join two young cardiologists on the Texas gulf coast. 
Please send CV to Reply Box 755, The American Journal 
of Cardiology, 249 W. 17th St., New York, N.Y. 10011. 


INVASIVE 
AND NON-INVASIVE 
CARDIOLOGISTS 





Marshfield Clinic, a 325-physician multi- 
Specialty group, is seeking invasive and 
non-invasive cardiologists to join its ex- 
panding 13-member Cardiology Depart- 
ment. Currently more than 2750 cardiac 
catheterizations, 600 open heart opera- 
tions, 250 electrophysiology procedures, 
and 7500 color flow Doppler echoes are 
performed annually. This is an outstanding 
opportunity for BC/BE cardiologists with 
three years of fellowship training. The posi- 
tion offers an excellent starting salary, 
superior fringe benefits, and full partner- 
ship in two years. Send C.V. with first letter 


€ W. Bruce Fye, M.D. 
Chairman 
Department of Cardiology 
1000 North Oak Avenue 
Marshfield, Wisconsin 54449 


Marshfield Clinic 





Weve _ 
Redefined 


The 


Meaning 
of IQ. 





| M A G E Q U A L | T 


HEWLETT-PACKARD 
SOMM~S 3. SMHZ-L 16CM 


PROC 2707C XMIT:X HR: 2 e 99729 





I.Q. IS Image quality. Image quality Acoustic zoom image of long axis with a 3.5 MHz wide aperture 
so good, you've never seen any- transducer. 


thing like it. So advanced, you'll 
never accept anything less. Whether 
it's 2-D, Doppler, or color flow 
imaging, Hewlett-Packard's SONOS 
phased array systems show you Poe. ah qi oh 
resolution that's in a class by itself. 

That means absolute clarity, sharp- 
ness, and precision for the diagnos- — 
tic confidence you need — even on 
the toughest patients. And after 
all, isn't that the ultimate I.Q. test? 
If seeing is believing, then see for 
yourself. Let us show you why 

HP is Number One in cardiovascu- 
lar ultrasound imaging, and we'll 
show you image quality that rede- 
fines the meaning of I.Q. 


3. SMHZ-L 





Precision color flow image of mitral regurgitation with a 
3.5 MHz wide aperture transducer. 


Full range of 64- 
and 128-element 
sector transducers, 3.5MHZ-L 1800MM^S XMIT:B 

fully steerable HEWLETT-PACKARD — Sk ya 
288-element linear HR: 123 

array peripheral e 01665 
vascular trans- 
ducer, and trans- 
esophageal imaging 
transducer. 


HP Precision 
Imaging technol- 
ogy delivers the 
best available 
2-D images— with 
finer texture and 
more sharply 
focused anatomy. 


Highest Doppler 
sensitivity and 
extremely accu- 
rate color flow 
imaging let you Steerable continuous-wave Doppler spectrum of mitral stenosis 
detect even the with a 3.5 MHz wide aperture transducer. 

most subtle 

abnormalities. 





S@MM“S 2. 5MHZ-M 
PROC 27@07C7K7D 
HEWLETT-PACKARD 


GATE 4.58CM 


Long axis and short axis views of carotid artery and jugular 
vein with a 7.5 MHz linear array transducer. 


SOmMM-~S 

3. BMHZ-L 

SH2Z 

16CM 
PROC 2“8-C-C-D 
HEWLETT-PACKARD 


G 88902: 06 
AXMIT: X 
HR: 24 


Precision color flow image of aortic insufficiency with a Apical thrombus displayed on dual screen Continuous Loop 
3.5 MHz wide aperture transducer. Review (CLR) with a 5.0 MHz wide aperture transducer. 


2.5MHZ-M  5QMM^S XMIT:B : l SOMM^S 2.5MHZ-M 
HEWLETT-PACKARD 16CM ; PROC 142/E-K-D 
PROC 3^0^7R^H^R =" HEWLETT-PACKARD 
HR: 92 
Ico 31265 


ACTIVE 


Color M-mode demonstrating aortic insufficiency, mitral regur- Diastolic and systolic color flow image of pulmonary insuffi- 
gitation, and early closure of the mitral valve. ciency using dual sector format. 





Image quality from Hewlett-Packard. 
Just part of the bigger picture. 


Clinical versatility gives you 
a clear advantage. 

HP offers unmatched clinical 
performance over a wide range 
of cardiac applications: adult, 
pediatric, and neonatal. But it 
doesn’t stop there. You can also 
expand your diagnostic poten- 
tial with peripheral vascular 
and transesophageal ` 
capabilities. 


Upgradability protects your 
investment. 

In fact, nobody protects you 
like HP. And we have the track 
record to prove it. Since 1981, 
more than 14 upgrades have 
provided our customers with 
the very latest in high-perfor- 
mance features and capabili- 
ties. And as ultrasound imaging 
evolves, HP is committed to 
keeping you at the forefront of 
ultrasound technology. 


Reliability and support for 
a consistently high I.Q. 
Depend on it. Inherent system 
reliability has enabled us to 
deliver a 99% uptime guaran- 
tee since 1984. And for contin- 
ued support—should you ever 
need it—our Customer Re- 
sponse Centers are staffed with 
professional ultrasound engi- 
neers who can provide solu- 
tions to your technical and 
clinical problems. Now add to 
the picture over 80 U.S. and 


© 1989 Hewlett-Packard MG03905 


150 worldwide medical sales 
offices and support sites, and 
it’s easy to see why more car- 
diologists look to HP than any 
other ultrasound system. 


Training customized to meet 
your needs. 

In addition to giving you the 
best image quality, we show 
you how to get the most out of 
it. With HP, you can choose 
from a number of customized 
training programs to meet your 
specific imaging needs. These 
include on-site training for sys- 
tem operation, preceptorship 
programs offering CME credits, 
HP-sponsored clinical symposi- 
ums and seminars, teleconfer- 
ences, and workshops. 


Wait until you see our I.Q. 
You'll like what you see. 
Because the closer you look, 
the better we look. Call your 
local HP sales representative. 
Or, in the United States, call 
1-800-637-3747 (in MA 508- 
687-1501, ext. 2475). Put our 
I.Q. to the test, and judge for 
yourself. What you’ll see is 
image quality that passes 
every test. 


L 


HEWLETT 
PACKARD 








. Mechanism Underlying Kussmaul’s Sign in Chronic Constrictive 


Pericarditis 


Theo E. Meyer, MB, FCP (SA), Pinhas Sareli, MD, Richard H. Marcus, MB, FCP (SA), 
Wendy Pocock, MB, FRCP, Martin R. Berk, MB, FCP (SA), and Mauriog: ;MeGfegor, MD 


B 1873 Kussmaul! reported the observation that, 
in 2 patients with constrictive pericarditis, the expected 
inspiratory collapse of neck veins was replaced by in- 
creased inspiratory distension. The association of Kuss- 
maul’s sign, as it subsequently became called, with con- 
strictive pericarditis is now widely accepted. At the same 
time it is also recognized that it is not specific to this 
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FIGURE 1. Simultaneous pressure 
recording of the right ventricle (RV) 
and left ventricle (LV) in patient 6. 
Note the early diastolic dip and sub- 
sequent “plateau,” with virtual 
equilibration of pressures through- 
out the rest of diastole. (Paper 
speed 50 mm/s in this and subse- 
quent recordings.) 
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pathology and can be S kerved i in congestive heart fail 
ure,?-^ restrictive cardiomyopathy, right ventricular in- 
farction® and acute cor pulmonale.’ As stressed by Spo- 
dick;? it is not a feature of pericardial tamponade and is of 
value in distinguishing tamponade from pericardial con- 
striction. In spite of its clinical value and wide use, the 
underlying mechanism is poorly understood.’ We report 
our observations based on 6 patients with chronic con- 
strictive pericarditis in an attempt to clarify the mecha- 
nism of this sign. 

Six patients, in whom the diagnosis of severe con- 
strictive pericarditis was based on clinical, radiologic 
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TABLE I Clinical, Hemodynamic and Pathologic Findings in 
Six Patients with Constrictive Pericarditis 


Age (yrs), RAP CI (liters / 
Pt Sex Ascites (mm Hg) min/m?) Histology 


Tuberculous pericarditis 
Tuberculous pericarditis 
Tuberculous pericarditis 
Nonspecific pericarditis 


oU 0n - 
$S8298959 
mSS cux 





Cl = cardiac index; RAP = mean right atrial pressure; + = present; ++ = marked. 


and echocardiographic features (Table I), were studied 
during combined right- and left-sided cardiac catheter- 
ization. Pressures, electrocardiogram and respiration 
were recorded simultaneously, the latter by recording the 
pressure developed at the mouth through a rubber 
mouthpiece. A Hewlett-Packard 1290 A unit was used 
for pressure recording. Intraabdominal pressures were 
recorded via a 7Fr pigtail catheter introduced through 
the lateral abdominal wall. The zero reference point for 
the cardiac and intraperitoneal pressures was the mid- 
chest. 
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Pressures were recorded during normal and deep in- 
spiration, and during gentle manual compression of the 
abdomen in held midexpiration. In patient 2, the afore- 
mentioned recordings were made before and after drain- 
age of 4.25 liters of ascitic fluid, and in patient 4 before 
and after the application of an abdominal corset. 

The cardiac output was low and the mean right atrial 
pressure was considerably elevated in all 6 patients (Ta- 
ble I). All patients showed the typical diastolic equili- 
bration of pressures associated with constrictive pericar- 
ditis (Figure 1). 

During ordinary quiet breathing, the inferior vena 
cava, right atrial and right and left ventricular end- 
diastolic pressures, as well as the intraabdominal pres- 
sure, showed little or no variation. A slight decrease in 
both pulmonary artery and aortic pressures was noted 
during inspiration. 

During slow, deep inspiration, the right atrial pres- 
sure increased progressively from the onset of inspira- 
tion to a maximal level at end-inspiration. This was 
paralleled by a comparable increase in intraabdominal 
pressure (Figure 2). A slight increase in the depth of the 
right atrial y descent was observed in most patients dur- 
ing the early part of deep inspiration (Figure 2). Right 
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from the onset of inspiration (Insp) 
to peak at end-inspiration (End 
insp). 








FIGURE 4. Simultaneous recording 
of right atrium (RA) and intra- 
abdominal pressures in patient 2 
during gentle abdominal compres- 
sion (arrows indicate period of com- 
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ava, right atrial (Figure 4), and right and left 

cular systolic and diastolic pressures. 
Yrainage of 4.25 liters of ascitic fluid in patient 2 
esulted in a decrease of both end-expiratory and end- 
inspiratory right atrial and intraabdominal pressures 
< The application of an abdominal corset in patient 1 
esulted in an increase of both the end-expiratory and 

id-inspiratory right atrial pressures. 

nstrictive pericarditis the heart is encased in a 
dium that is virtually inelastic. When not 
ystole and early diastole, changes in pleu- 
essure are transmitted to its contents. However, 
once filled in early diastole, such a heart cannot be filled 


.. further. Thus, throughout the greater part of diastole, the 
heart is incapable of further distension in response to the 

_ increased negative intrapleural pressure of inspiration. 
.. While this adequately explains the absence of a normal 
. inspiratory decrease in venous pressure in constrictive 
. pericarditis, it does not account for the increase of venous 

_ pressure during inspiration observed by Kussmaul.! 

In 1942, Hitzig? examined the effect of abdominal 
compression on the venous pressure in the neck in patients 

with constrictive pericarditis, right-sided cardiac failure, 
_ cardiac tamponade and superior vena caval obstruction. 


JA men 


pression was due to a 


erloaded beyond its functio 


right heart" that was “ov 
capacity" 3 —— TE 
Our observations are fully consistent with the hy oth 
esis that the inspiratory increase in venous pressure i 
constrictive pericarditis appears to be the direct conse 
quence of an inspiratory increase in abdominal pressur 
transmitted through an already distended venous syste 
to a heart that is incapable of greater diastolic distension 
the "inspiratory hepatojugular reflux phenomenon" sug 
gested by Hitzig.? Thus, the lack of variation in venous 
pressure during quiet breathing in our patients was asso 
ciated with little or no change in abdominal pressu 
whereas during maneuvers that increased abdomina 
pressure such as deep inspiration (Figure 2) or manua: 
abdominal compression (Figure 4), the increase in venous | 


pressure was paralleled by the increase in intraabdominal 34 

pressure. The dependence of the venous pressure on 
changes in intraabdominal pressure is confirmed by the — 
higher right atrial pressures generated by an abdominal | 
corset and the parallel decrease in both right atrial and — 


abdominal pressures (Figure 5) after drainage of tense ). 
ascites. pees 
Other pathogenetic mechanisms may be operative 


during inspiration in constrictive pericarditis. It has been’ : ; : 
proposed!’ that, with pleuropericardial-diaphragmatic _ * 
adhesions, descent of the diaphragm in inspiration may 
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ed by maneuvers that cause the downward 
ment of the diaphragm and lessened by maneu- 


— vers with the opposite action. The fact that drainage of 





-© ascitic fluid reduced the inspiratory right atrial pressure, 


^ whereas application of an abdominal corset increased it, 


. suggests that this mechanism did not significantly con- 


tribute to the inspiratory increase of venous pressure. 

~ Another possibility is that the inspiratory increase in 
right atrial pressures seen in these patients is due in part 
toan increased left ventricular afterload, a possibility that 
cannot be excluded on the basis of these data. However, 
increased left ventricular afterload has not, to our knowl- 


~~ edge, been documented in constriction. Furthermore, the 


“effect of an increased transmural pressure during inspira- 


: > -tion on left ventricular wall stress or afterload may theo- 
-.retically be attenuated by an effective increase in total 


wall thickness resulting from the myopericardial inflam- 
matory process. 

In conclusion, the inspiratory increase in venous pres- 
- sure seen in chronic constrictive pericarditis would seem 
-to depend on 2 factors, that is, an inelastic pericardium or 
heart in which diastolic stiffness is greatly increased and a 
distended venous system that is capable of transmitting 
the increased abdominal! pressure of inspiration to the 
intrathoracic and superior vena cava systems. It is proba- 


ic compliance would be fur- - 


‘ble that the same 


acute cor pulmonale, 

gestive cardiac failure,** in which Kussmau 
be present. In all these situations there te 
of the right ventricle and pericardium, wit 
increase in “stiffness” of the heart, and thu 
hemodynamics. BE 
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.. Left Ventricular Structure and Function 


. in Professional Basketball Players 


William Van Decker, MD, loannis P. Panidis, MD, Kevin Boyle, MD, Ray Gonzales, 


and Alfred A. Bove, MD, PhD 


"Sm he noninvasive nature of echocardiographic/Dopp- 
M ler methods has allowed detailed assessment of cardi- 


- ac anatomy and physiology in normal subjects and ath- 


- Jetes, as well as accurate determination of left ventricular 


que (LV) wall thickness and mass.!? Recently, interest has 


-developed in the use of Doppler recordings of mitral in- 
flow to assess LV filling patterns in normal subjects, in 
‘conditioned athletes, and in various disease states associ- 
ated with LV hypertrophy.*-!° Several studies?? have 
suggested that an increase in LV mass may be seen in 
~ certain highly trained athletes without any abnormalities 
` in Doppler-derived LV filling parameters. This finding 


has engendered the term *physiologic" hypertrophy. 


However, little data are available on hearts of large body 
size athletes in whom LV mass is increased. In the present 
y highly trained aerobic athletes (professional bas- 


large body size were evaluated by echocardiographic/ 
Doppler techniques to determine whether increased LV 
mass and cavity size per se affect diastolic function when 
systolic function is normal. E 
The study group consisted of 12 professional male 
basketball players with a mean age 26 + 3 years, who at 
the time of the study were at the end of their preseason 
training program and were participating in national — 
competition. Eleven healthy, nonsedentary male subjects 
formed an age-matched control group (mean age 30 + 5 
years), who were not involved in a routine training pro- 
gram and were recruited on the basis of being above . 
normal for height, weight and body surface area. Both 
groups were normotensive, free of known cardiovascular 









Base mean S stndademro he mean 
NS = not significant. 


Control Subjects 
(n= 11) 


97 x 6 (48-65) 
30 + 3 (25-33) 
25 + 2 (23-28) 
37 + 4 (29-43) 
0.34 + 0.04 
9.5418 
934115 
0.34 + 0.07 
201 + 53 
92419 
109 + 26 
4346 
5444 
220 + 47 


in diastole (mm) 
size in diastole /height (mm/m) 
cu iv size in diastole /BSA (mm/m?) 
. ^ iV size in systole (mm) 
- Fractional shortening (94) 
- Septal thickness (mm) 
bos LV posterior wall thickness (mm) 
0 CUM wall thickness /radius 
¿LV mass by M-mode (g) 
LV mass index (g/m?) 
.. LV mass /height (g/m) 
] Left atrial size (mm) 
“LV ejection fraction (%) 
LV mass by 
2-dimensional echo (g) 


F "Data wee en x standard eter of the means ranges are given in parentheses. 
rit Surface area; LV = left ventricular; NS = difference not significant. 


| TABLE M Doppler Characteristics 
Control 


Subjects 
(n= 11) 
«Peak E velocity (cm/s) 
Peak A velocity (cm/s) 
EAA ratio 
o Peak early filling rate (ml/s) 
Peak atrial filling rate (ml/s) 
- Normalized peak filling rate (s^!) 
 Mitrai regurgitation 
ss Tricuspid regurgitation 
- cv. Aortic regurgitaion 
QR Pulmonary regurgitation 


Data are mean 4 standard error of the mean 
X ps! NS *: difference not significant. 


dio and by averaging of 3 cardiac cycles. The 
following echocardiographic parameters were obtained: 
. end-diasto, ic LV diameter measured at the onset of the 
-QRS complex and end-systolic LV diameter at minimal 
dimension; end-diastolic LV posterior wall and 

all thickness and the ratio of mean wall thick- 

ess to internal radius; indexes of systolic LV function 
s fractional shortening of the internal diame- 

E ecti ion. fraction culated by the modified 


LV mass as calculated by M J 
dified ula of ces. Detection and q 


Basketball Players 
(n = 12) 


Basketball Players 
(n = 12) 


59 + 5 (46-64) 
29 + 2 (24-32) 
24 + 2 (22-28) 
39 + 4 (30-44) 
0.34 + 0.01 
11.4 x 1.8 
11.4112 
0.38 + 0.01 
284 + 52 
119+ 24 
142 + 27 
4242 
9244 
329 + 70 


Basketball Players 
(n = 12) 


and mass determinations were also indexed for hei ghi 
and body surface area. 

Doppler interrogation was performed during écho 
cardiographic acquisition using a 2.5-MHz combined 
imaging and Doppler transducer and the apical 4-char 
ber view. The pulsed Doppler sample volume was placed 
at the level of the mitral leaflet tips in diastole with 
optimization of the spectral envelope definition and 
imization of spectral broadening. Data from the 
ed signal were averaged over 3 consecutive car 
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ble diameters from the apical 4- 
rasternal long-axis views in early dias- 
he mitral valve area was then estimated as x D^/4. 
ariables of LV filling assessed on the mitral inflow 
included: peak early diastolic (E) velocity; peak atrial 
contraction (A) velocity; E/A ratio; peak early filling 
- rate (peak E velocity X mitral valve area); peak atrial 
filling rate (peak A velocity X mitral valve area); and 






















































normalized peak filling (peak filling rate/LV end-dia- 
stolic volume)? 
Data are expressed as mean + standard error of the 
. mean. Results were analyzed using the unpaired Student 
- ttest. Statistical significance was considered at p «0.03. 
<- Body weights of normal subjects and athletes were 
.. mot different (Table I). Although height in the control 
. —. group was well above the average population, matching 
for height with a professional basketball team was diffi- 
cult. Height differences between the 2 groups caused a 
-— significant difference in body surface area. Resting heart 
rates were similar. There was no statistical difference in 
-LV end-diastolic diameter between the 2 groups and this 
— .— remained true after indexing for height and body surface 
-area (Table II). There was a statistically significant 
difference in LV septal and posterior wall thickness be- 
tween athletes and control subjects as well as in LV mass, 
. which remained after indexing for height and body sur- 
face area, Assessment of LV systolic function by frac- 
tional shortening and ejection fraction calculation re- 
vealed no difference between the 2 groups; neither mea- 
surement suggested hyperdynamic LV wall motion. 
oo There was no statistically significant difference be- 
tween athletes and nonathletes in peak E and A velocity, 
- E/Aratio, peak filling rates and normalized peak filling 
rate (Table III). There was Doppler evidence of trivial or 
mild mitral regurgitation in 5 of 12 (42%) athletes and 4 
of 11 (36%) control subjects (difference not significant). 
In the present study of professional basketball players, 
.... we found an increase in LV mass and LV mass index that 
. was based mostly on increased LV wall thickness rather 
.. than chamber enlargement. These findings parallel those 
of Douglas et al® in triathletes. They are somewhat differ- 
-ent from those of Morganroth et al,!! who described 
eccentric hypertrophy (normal wall thickness but in- 
-creased LV end-diastolic volume) in swimmers and long 
distance runners. | 
^ Professional basketball players are elite athletes, 
trained in both isometric and isotonic exercise. Although 
the LV size was slightly above normal limits, it was not 
significantly different from controls (nonathletes) when 
normalized for height and body surface area. The ratio of 
all thickness to radius was also somewhat higher in 
athletes. These findings would indicate that a com- 
ined concentric type (pressure load) and eccentric type 
ume load) LV hypertrophy is the usual response to 
4ining and exercise in professional basketball players, 
hat seen in bicyclists® and swimmers.’ This 
could be explained by the burst anaerobic 
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letes? have a pattern of pre 


In concordance with previous M-mode and Doppler — . 


echocardiographic studies of diastolic L'V function in ath- | 


letes involved in isometric or isotonic exercise," ^. 





appears that increased LV mass and end-diastolic size are... 
not the only determinants of abnormal diastolic fillingin 
“pathologic” LV hypertrophy.’ Although the ability of 


pulsed Doppler echocardiography to characterize LV 
diastolic filling has been well documented, it is also possi- 
ble that LV chamber stiffness and relaxation have con- 
trasting influences on the pattern of diastolic filling and 
may balance the observed abnormalities on Doppler re- 
cordings.'? mu 

In summary, the current study documents that profes- — 
sional basketball players have increased LV mass with 
minimal chamber enlargement and normal systolic and 
diastolic LV function. 
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Cardiovascular 
Surgical 


Series 


A Unique Videotape Library from the 





Texas Heart Institute 


Houston, Texas 

ere is an excellent series, on videotape, that illus- 
H trates rare or complex surgical procedures as per- 
formed by cardiovascular surgeons of the Texas 
Heart Institute. Ideal instructional resources for medical 
schools, nursing schools, medical libraries, and personal 
collections. 


L] Laser Coronary Endarterectomy and 
Aorta-Coronary Bypass 
Dr. James L. Livesay demonstrates a hand-held CO, 
laser gun in a clinical coronary endarterectomy proce- 


dure, followed by a quadruple coronary artery bypass. 
$100 (Export $175) 


LJ Clinical Orthotopic Cardiac Transplantation 
This program gives a brief history of heart transplanta- 
tion, depicts current surgical technique, and provides 
information on recipient/donor selection criteria and 
on postoperative care. $100 (Export $175) 


L] Management of the Small Aortic Root 
with Aortic Stenosis 
Dr. Denton A. Cooley illustrates the procedure for en- 
larging the circumference of a small aortic annulus 
with a posterior patch, permitting replacement of a 


stenotic valve with prosthesis of competent size. 
$100 (Export $175) 


L] Bridge to Transplant 
In this rare clinical procedure, Drs. Denton A. Cooley 
and O. H. Frazier implant a Jarvik-7 total artificial 
heart as a bridge to cardiac transplantation. This pro- 
gram also shows the subsequent transplant procedure. 


$100 (Export $175) 


L] Konno-Rastan Procedure for 
Tunnel Stenosis 
Patch grafts and a prosthetic bileaflet valve are used to 
correct tunnel stenosis of the left ventricular outflow 


tract. $100 (Export $175) 


LJ Aortic Valve Replacement 
Demonstrates a calcific native valve being replaced 


with a prosthesis, in a patient with aortic stenosis. 
$100 (Export $175) 


LJ Mitral Valvuloplasty 
Illustrates a flexible annuloplasty ring being used in 
this surgical correction of severe mitral regurgitation of 
nonrheumatic origin. $100 (Export $175) 





Dr. Denton A. Cooley performs a rare clinical procedure in a 
scene from “Bridge to Transplant." 


L] Aorto-Aortic Bypass 
Dr. Denton A. Cooley corrects in a single operation 
combined disorders of calcific aortic valve disease, cor- 


onary occlusive disease, and coarctation of the aorta. 
$100 (Export $175) 


L] Mitral Valve Replacement 
A tissue valve is shown being implanted in a patient 
with severe mitral stenosis and mitral regurgitation. 


$100 (Export $175) 





Order Today 
Just J check the programs you need. Send, along with 


payment, credit card information, or purchase order, to: 
Gulf Publishing Company 
Video Publishing 
Attn: Dept. AJC 
P.O. Box 2608 
Houston, Texas 77252-2608 
Or Call: 
(713) 529-4301 
Fax: (713) 520-4438 
Telex: 275418 BOOKS UR 
‘Texas residents add appropriate sales tax. 
Indicate video format: 
LJ VHS LJ BETA Q] u-matic 
Outside the U.S. and Canada: J PAL CL) SECAM 





Now available from Butterworths! 


The Heart and Hypertension 


Edited by Franz H. Messerli, MD 


This volume provides a critical review of recent research into areas that 
connect the heart to hypertension: 


e the heart's involvement in the pathogenesis of arterial hypertension; 
* the heart as a target organ of long-standing hypertension; 


e the effect of antihypertensive agents on cardiac structure and function. 
1987 482 pp. $52.95 











——— 30-day approval —————————————*-———— 
eg "rs j PEEN Send this order form or call toll-free 1-800-548-4001 r TN 

Dl | Stoncham, MA 02180 — OPerator Y. In MA or Canada 617438-8464 EST 8:30-5:00 

O Please send me ____ copy(ies) of The Heart O Please bill (2 VISA O MasterCard L1 Am. Express 

and Hypertension at $52.95 each. 914-31645-1 I 

O Enclosed is my check for ——~ Card # Exp. Date 

MA residents add 5% sales tax. If paying in Canadian " e^ 

dollars, add 3896. e yore 

O Bill me. O Bill my company. P.O. enclosed. ie Datta 


(Price quoted for U.S. and Canada) 
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998 CD/DIR - A medical director is sought to provide administrative and clinical services fora areny (oinei (Heart. i 
Institute affiliated with three (3) progressive hospitals comprising over 850 beds. The director will be located within, or ed 
in close proximity to, one of the affiliated hospitals and his/her responsibilities will include but are not limited to: 


. and CVS are planned.) 


An excellent compensation and benefit package is available. Candidates may elect to function « as. a suede of d the 
administrative/management team or act as an independent physician. 


|. Strong administrative experience and skills are required, with current clinical expertise. If you are interested in a this e 
- opportunity, please call and/or forward your curriculum vitae in confidence to: P 






CARDIOLOGY OPENING | 
ADMINISTRATIVE/CLINICAL - 


Indianapolis, Indiana 






Overseeing and expanding current services including a cardiac assessment program, mobile catheterization F 
lab, and mobile ultrasound labs. | n 


Developing relationships and referral patterns with other hospitals and compbunities.. A r 
Serving as liaison between the three affiliated hospitals as they add additional services. (Additional cath labs 






Establishing protocols and planning functions. 


Clinical responsibilities including the performance of invasive procedures. (Time devoted to clinical car ji- : : 
ology is anticipated at approximately 25-40 percent.) | P 





E 


Debra L. Zoeller 


Physician Placement Specialist 


PHYSICIAN SERVICES | 


Recruitment * Planning * Consulting — 


Suite 250, Browenton Place * 2000 Warrington e. . Louisville KY 10222 
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Evidence directly linking 
elevated cholesterol and CAD 
made you take a closer loo 
at lipid levels 
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Lorelco affects 
cholesterol in 





Lorelco (probucol) 
offers proven long- 
term cholesterol- unique ways' 
- e * 
lowering efficacy e Inhibits the oxidative 
e Reduces total cholesterol by modification of LDL*"" 
up to 27%? e Enhances HDL-mediated 
e Maintains lower levels, as reverse cholesterol transportt$ 
proven over a 12-year period? E. oe, j 
° nique mode. t t 
e Provides the assurance of jh vitro studies and human and/or animal — 
extensive clinical experience in vivo data; clinical significance, however, is ri 
yet established. 
+These effects of probucol on LDL- (increase ir 
abolic rate) and HDL-cholesterol may be linkec 
observed increased excretion of fecal bile acids 


of serum cholesterol or triglyceride levels 
or reduction of HDL-cholesterol levels on ! or reca 
morbidity or mortality due to coronary heart final metabolic pathway for elimination of chole 
disease has not been established. from the body. (See Clinical Pharmacology.) 
References: 1. S Afr Med J 1982;62:7-11. 2. Arch Intern Med 1981;141:1428-1432. SThe probable benefits obtained from LDL-chole 
3. Data on file, MERRELL DOW PHARMACEUTICALS INC., Cincinnati, Ohio 45242- re du cti on must be weig he d again st the pos sib le r 
ofa reduction in HDL-cholesterol when assessing | 
response of each patient receiving treatment with 
Lorelco. If satisfactory lipid alteration is not achieve 
the drug should be discontinued. (See Precautions. 


*The effect of probucol-induced reduction 


9553. 4. Am J Cardiol 1988;62:31B-36B. 5. Atherosclerosis 1986;62:209-217. 

6. Proc Natl Acad Sci USA 1987;84:5928-5931. 7.J Clin Invest 1986;77:641-644. 
8. Proc Nati Acad Sci USA 1987:84:7725-7729. 9. Am J Cardiol 1988;62:6B-12B. 
10. Am J Cardiol 1986:57:16H-21H. 11. Am J Cardiol 1988;62:57B-59B. 12. Am J 


Cardiol 1988;62:66B-72B. 13. Am J Cardiol 1988;62:73B-76B. 
14. Am J Cardiol 1988;62:52B-56B. 
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 Lorelco provides 
important patient 
compliance benefits 


e Convenient dosage—just one 
500 mg tablet b.i.d. with meals 


e Well tolerated—the most 
frequent side effect is loose stools, 
which occurs in about one in ten 

patients and generally subsides 


during continued therapy. PR OBUCOL 500 


See Prescribing Information for 5OOmg tablets b.id. with meals 


full discussion of side effects. TAKES YOU TO THE NEXT LEVEL 


e Economical—can offer signifi- OF CHOLESTEROL CONTROL 
cant cost savings vs most other 


cholesterol-lowering therapies 


Lorelco is not an innocuous drug and strict 
attention should be paid to the Indications, 
Contraindications, Warnings, and Precautions 
sections of Prescribing Information. 





See Prescribing Information appearing on next page. Merrell Dow U.S.A. 


Lorelco^ Tablets (probucol) 


CAUTION: Federal law prohibits dispensing without prescription. 


DESCRIPTION: Lorelco (probucol) film-coated tablets for oral administration contain 250 mg or 500 mg of probucol per 
tablet. Each tablet also contains as inactive ingredients: corn starch, ethylcellulose, gyar, hydroxypropyl cellulose, 
hydroxypropyl methylcellulose 2910, iron oxide, lactose, magnesium stearate, microcrystalline cellulose, polysorbate 80, talc, 
and titanium dioxide. Lorelco is an agent for the reduction of elevated serum cholesterol. The chemical name is 4,4'-[(1-methyl- 
ethylidene)bis(thio)]bis[2 6-bis(1,1-dimethyl- 


ethyl)phenol]. Its chemical structure does not nalas pns 

resemble that of any other available cho- 

lesterol-lowering agent. It is lipophilic. OH 
C(CH414 





CLINICAL PHARMACOLOGY: Lorelco lowers total serum cholesterol and has relatively little effect on serum triglycerides. 
Patients responding to probucol exhibit a decrease in low-density lipoprotein (LDL) cholesterol. Cholestero! is reduced not only 
in the LDL fraction, but also in the high-density pee DL) fraction with [eap greater effect on the high-density 

rtion. Epidemiologic studies have shown that both low HDL-cholesterol and ii LDL-cholesterol are independent risk factors 
or coronary heart disease. The risk of lowering ein VL while lowering LDL-cholesterol remains unknown. There is little 
or no effect reported on very low-density lipoprotein (VLDLR. 


Studies on the mode of action of Lorelco indicate that it increases the fractional rate of LDL catabolism. This effect may be linked 
to the observed increased excretion of fecal bile acids, a final metabolic pathway for the elimination of chofesterol from the body. 
Lorelco also exhibits inhibition of early stages of cholesterol biosynthesis and slight inhibition of absorption of dietary 
cholesterol. There is no increase in the cyclic precursors of cholesterol, namely desmosterol and 7-dehydrocho esterol. On this 
basis, it is concluded that Lorelco does not affect the later stages of cholesterol biosynthesis. 


Absorption of Lorelco from d. eme tract is limited and variable. When it is administered with food, peak blood levels 
are higher and less variable. With continuous administration in a dosage of 500 mg b.i.d., the blood levels of an individual 
— increase over the first three to four months and thereafter remain fairly constant. In 116 patients treated with Lorelco 
or periods of three months to one year, the mean blood level was 23.6 + 17. mcg/mL P S.D.) ranging to 78.3 mcg/mL. 
Levels observed after seven years of treatment in 40 patients yielded an average value of 21.5 + 16.5 mcg/mL ( + S.D.) ranging 
to 62.0 mcg/mL. In a separate study in eight patients, blood levels averaged 19.0 mcg/mL at the end of 12 months of treatment. 
Six weeks after cessation of therapy, the average had fallen by 60%. After six months, the average had fallen by 80%. 


In December 1984, a National Institutes of Health Consensus Development Conference Panel! concluded that lowering definitely 
elevated blood cholesterol levels (specifically blood levels of LDL-cholesterol) will reduce the risk of heart attacks due to 
coronary heart disease. The effect of probucol-induced reduction of serum cholesterol or triglyceride levels, or reduction of 
HDL-cholesterol levels on morbidity or mortality due to coronary heart disease has not been established. 


INDICATIONS AND USAGE: Serious animal toxicity has been encountered with probucol. See WARNINGS and ANIMAL 
PHARMACOLOGY AND TOXICOLOGY sections. Probucol is not an innocuous drug and strict attention should be paid to the 
INDICATIONS, CONTRAINDICATIONS, and WARNINGS. 


Drug therapy should not be used for the routine treatment of elevated blood lipids for the prevention of coronary heart disease. 
Dietary therapy specific for the type of hyperlipidemia is the initial treatment o choice. Excess body weight may be an important 
factor and should be addressed prior to any drug po i sical exercise can be an important ancillary measure. Contributory 
disease such as on abo or diabetes mellitus should be looked for and adequately treated. The use of drugs should be 
considered only when reasonable attempts have been made to obtain satisfactory results with nondrug methods. If the decision 
ultimately is to use drugs, the patient should be instructed that this does not reduce the importance of adhering to diet. 


The selection of patients for cholesterol-lowering drug therapy should take into account other important coronary risk factors 
such as smoking, hypertension, and diabetes mellitus. Consideration should be given to the efficacy, safety, and compliance 
factors for each of the cholesterol-lowering drugs prior to selecting the one most appropriate for an individual patient. 


Loreico may be indicated for the reduction of elevated serum cholesterol in patients with primary hypercholesterolemia (Types 
Ila and lib hyperlipoproteinemia),? whose elevated LDL-cholesterol has not responded adequately to diet, weight reduction, and 
control of diabetes mellitus. Lorelco may be useful to lower elevated LDL-cholesterol that occurs in those patients with 
combined hypercholesterolemia and hypertriglyceridemia (Type llb) due to elevation of both LDL and VLDL, but it is not 
indicated where hypertriglyceridemia is the abnormality of most concern. After establishing that the elevation in serum total 
cholesterol represents a primary lipid disorder, it should be determined that patients being considered for treatment with Lorelco 
have an elevated LDL-cholesterol as the cause for an elevated total serum cholesterol. This may be particularly relevant for 
patients with elevated triglycerides or with markedly elevated HDL-cholesterol values, where non-LDL fractions may contribute 
significantly to total cholesterol levels without apparent increase in cardiovascular risk. In most patients, LDL-cholesterol may 
be estimated according to the following equation: 


LDL-cholesterol = Total cholesterol — [(0.16 x triglycerides) + HDL-cholesterol] 


When total be sine are greater than 400 mg/dL, this equation is less accurate. In such patients, LDL-cholesterol may be 

obtained by ultracentrifugation. 

It is not always possible to predict from the lipoprotein type or other factors which patients will exhibit favorable results. Lipid 

levels, including HDL-cholesterol, should be periodically assessed. 

The effect of probucol-induced reduction of serum cholesterol or triglyceride levels, or reduction of HDL-cholesterol levels on 

morbidity or mortality due to coronary heart disease has not been established. 

CONTRAINDICATIONS: (See also WARNINGS and PRECAUTIONS.) Lorelco is contraindicated in patients who are known to 

have a hypersensitivity to it. Lorelco is contraindicated in patients with evidence of recent or progressive myocardial damage or 

findings suggestive of serious ventricular arrhythmias or with unexplained syncope or syncope of cardiovascular origin. 

Lorelco is contraindicated in patients with an abnormally long QT interval. 

WARNINGS: SERIOUS ANIMAL TOXICITY HAS BEEN ENCOUNTERED WITH PROBUCOL IN RHESUS MONKEYS FED AN 

ATHEROGENIC DIET AND IN BEAGLE DOGS. (SEE ANIMAL PHARMACOLOGY AND TOXICOLOGY SECTION.) 

Prolongation of the QT interval can occur in patients on Lorelco. Serious arrhythmias have been seen in 

association with an abnormally lo T interval in patients on Lorelco alone and in patients on Lorelco 

and a concomitant entlartiyythusie qug. The following precautions are deemed prudent: 

1. Patients should be advised to adhere to a low cholesterol, low fat diet at the start of treatment with Lorelco and throughout the 
treatment period. 

2. An ECG should be done prior to starting treatment and repeated at appropriate intervals during treatment. If an abnormally 
long QT interval is observed, the possible benefits and risks should be carefully considered before making a decision to 
continue Lorelco. 

Lorelco therapy should be discontinued or not started if the QT interval at an observed heart rate on a resting ECG is 
persistently more than one of the values listed below: 
QT Interval in sec (15% above the 


Observed Heart Rate upper limit of normal)* 
(beats/min) Males Females 
40 0.56 0.58 
50 0.52 0.53 
60 0.49 0.50 
70 0.45 0.47 
80 0.43 0.44 
86 0.42 0.43 
92 0.40 0.41 
100 0.39 0.40 
109 0.37 0.38 
120 0.36 0.36 
133 0.34 0.35 


br p! from Burch GE, Winsor T. A primer of electrocardiography. Philadelphia, PA: Lea and Febiger; 1958; p. 
able 6). 


3. Patients developing unexplained syncope or syncope of cardiovascular origin should have Lorelco therapy discontinued and 
should have ECG surveillance. 


4. Drugs that prolong the QT interval are more likely to be associated with ventricular tachycardia after: 
a. An increase in the dose of the o 
b. Addition of a second drug that prolongs the QT interval (including tricyclic antidepressants, class land IIl antiarrhythmics, 
and phenothiazines). 
c. Hypokalemia or hypomagnesemia. ) F, 
d. Severe bradycardia due to intrinsic heart disease or drug effects on the atrial rate (beta-blockers) or AV block (digoxin). 
e. Development of recent or acute myocardial infarction, ischemia, or inflammation. 


The use of Lorelco in patients receiving any of these drugs should be based on the conclusion that 
alternate methods of hypocholesterolemic therapy are either ineffective or not tolerated, and the poten- 
tial benefits of cholesterol lowering outweigh the risk of serious arrhythmia. 


The foliowing conditions should be resolved or corrected prior to initiation of therapy with Lorelco: 

a. Hypokalemia 

b. Hypomagnesemia 

c. Severe bradycardia due to intrinsic heart disease or drug effects on the atrial rate (beta-blockers) or AV block (digoxin). 

d. Recent or acute myocardial infarction, ischemia, or inflammation. 
PRECAUTIONS 
General: Before instituting therapy with Lorelco, rp en baseline studies should be performed to determine that the patient 
has persistently elevated total and LDL-cholesterol levels representing a primar ipid disorder, and that the increased 
cholesterol is not due to secondary conditions such as hypothyroidism, poorly controlled diabetes mellitus, obstructive liver 
disease, nephrotic syndrome, or dysproteinemias. Serum lipid levels, including HDL-cholesterol, should be determined after an 
overnight fast before treatment, during an adequate trial of diet and weight reduction therapy prior to addition of drug therapy, 
and periodically during combined diet and drug therapy, including assessment during the first several months of drug treatment. 
A favorable trend in lipid levels should be evident during the first three to four months of administration of Lorelco, and if 
satisfactory lipid alteration is not achieved, the drug should be discontinued. Lorelco lowers serum total and LDL-cholesterol, 
and also lowers HDL-cholesterol in most patients with elevated LDL-cholesterol. Epidemiologic studies within hyper- 
cholesterolemic populations have shown that serum HDL-cholesterol is an independent, inversely correlated, risk factor for 
coronary heart disease (see CLINICAL PHARMACOLOGY). Human studies which will attempt to confirm or deny the hypothesis 
that drug-induced alteration in HDL-cholesterol affects cardiovascular risk are currently under evaluation. It is not known 
whether Lorelco-induced reduction of serum HDL-cholesterol will affect cardiovascular risk since no long-term, controlled 
clinical trials of Lorelco for the prevention of coronary heart disease, similar to the LRC-CPPT (see CLINICAL STUDIES), have 
been performed. The probable benefits obtained from LDL-cholesterol reduction must be weighed against the possible risk of a 
reduction in HDL-cholesterol when assessing the response of each patient receiving Lorelco treatment. If satisfactory lipid 
alteration is not achieved, the drug should be discontinued. 


Information for Patients: The patient should be instructed to adhere to a prudent diet. Females should be cautioned against 
qwe pregnant for at least six months after discontinuing Lorelco and should not breast-feed their infants during therapy 
with Lorelco. 


Laboratory Tests: The physician should schedule periodic blood lipid determinations and periodic ECGs. (See WARNINGS.) 


Elevations of the serum transaminases (SGOT, SGPT), bilirubin, alkaline phosphatase, creatine phosphokinase, uric acid, blood 
urea nitrogen, and blood glucose above the normal range were observed on one or more occasions in various patients treated 
with Lorelco. Most often these were transient and/or could have been related to the patient's clinical state or other modes of 
therapy. Although the basis for the relationship between Lorelco and these abnormalities is not firm, the possibility that some of 
these are drug related cannot be excluded. In controlled trials, the incidence of abnormal laboratory values was no higher in the 
patients treated with Lorelco than in the patients who received placebo. If abnormal laboratory tests persist or worsen, if clinical 
29. consistent with the abnormal laboratory tests develop, or if systemic manifestations occur, Lorelco should be discon- 
tinued. 


ip eg sige The addition of clofibrate to Lorelco is not recommended, since the lowering effect on mean serum levels 
of either LDL or total cholesterol is generally not significantly additive and, in some patients, there may be a pronounced 
lowering of HDL-cholesterol. 


Neither oral hypoglycemic agents nor oral anticoagulants alter the effect of Lorelco on serum cholesterol. The dosage of these 
agents is not usually modified when given with Lorelco. 


Monkeys fed a ph fat, high cholesterol diet admixed with probucol exhibited serious toxicity. (See WARNINGS and ANIMAL 
PHARMACOLOGY AND TOXICOLOGY sections.) Prolongation of the QT interval can occur in patients on Loreico and serious 
arrhythmias have been seen in association with an abnormally long QT interval in patients on Lorelco. The addition of a second 
drug that pronos the QT interval (including Kome antidepressants. class | and III antiarrhythmics, and phenothiazines) may 
increase the risk of serious arrhythmia. (See CONTRAINDICATIONS AND WARNINGS. ) 


Carcinogenesis, Mutagenesis, Impairment of Fertility 2d : 
In chronic studies of two years’ duration in rats, no toxicity or carcinogenicity was observed. These results are consistent with 
the lack of any adverse effect on fertility and the negative findings in tests for mutagenic activity in rats. 


Pregnan 

Teratogenic Effects 

Pregnancy— Category B: Reproduction studies have been performed in rats and rabbits at doses up to 50 times the human 
dose, and have revealed no evidence of impaired fertility or harm to the fetus due to probucol. There are, however, no adequate 
and well-controlled studies in pregnant women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy " if clearly needed. Furthermore, if a patient wishes to become 
pregnant, it is recommended that the drug be withdrawn and birth control procedures be used for at least six months because of 
persistence of the drug in the body for prolonged periods. (See CLINICAL PHARMACOLOGY.) 


Labor And Delivery: The effect of Lorelco on human labor and delivery is unknown. 


Nursing Mothers: It is not known whether this drug is excreted in human milk, but it is likely, since such excretion has been 
shown in animals. It is recommended that nursing not be undertaken while a patient is on Lorelco. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
Gastrointestinal 
diarrhea or loose stools; flatulence, abdominal pain, nausea, vomiting, indigestion, gastrointestinal bleeding 
Cardiovascular . 
prolongation of the QT interval un. ECG, syncope, ventricular arrhythmias (ventricular tachycardia, torsades de pointes, 
ventricular fibrillation), sudden death 
Neurologic s 
headache, dizziness, paresthesia, insomnia, tinnitus, peripheral neuritis 
Hematologic 
eosinophilia, low hemoglobin and/or hematocrit, thrombacytopenia 
rere 
rash, pruritus, ecchymosis, petechiae, hyperhidrosis, fetid sweat 
Genitourinary 
impotency, nocturia 
Ophthalmic 
conjunctivitis, tearing, blurred vision 
Endocrine 
enlargement of multinodular goiter 
idiosyncrasies i 
observed with initiation of therapy and characterized by dizziness, palpitations, syncope, nausea, vomiting and chest pain 
Other 
diminished sense of taste and smell, anorexia, angioneurotic edema 
DRUG ABUSE AND DEPENDENCE: No evidence of abuse potential has been associated with Lorelco, nor is there 
evidence of psychological or physical dependence in humans. 
OVERDOSAGE: There is a single report of a 15-kg, three-year-old, male child who ingested 5 g of oo. Emesis was 
induced by ipecac. The child remained well, apart from a brief episode of loose stools and flatulence. No specific information 
is available on the treatment of overdosage with Lorelco and no specific antidote is available. Probucol is not dialyzable. 
Treatment is symptomatic and supportive. Probucol has shown no identifiable acute toxicity in mice and rats. In these 
animals the LD,, (oral) is in excess of 5 g/kg of body weight. 
DOSAGE AND ADMINISTRATION: For adult use only. The recommended and maximal dose is 1000 mg daily given in 
two divided doses of 500 mg each (two 250 mg tablets or one 500 mg tablet) with the morning and evening meals. 


HOW SUPPLIED: 250 mg round, white, film-coated tablets imprinted with either the DOW diamond trademark over the 
code number 51 or LORELCO 250. Bottles of 120 (NDC 0068-0051-£2) 

500 mg capsule-shaped, white, film-coated tablets, marked LORELCO 500. Bottles of 100 (NDC 0068-0053-61) 

ee A. well oe. Store in a dry place. Avoid excessive heat. Dispense in well-closed light-resistant containers with child- 
resistant closure. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY: In rhesus monkeys, administration of probucol in diets containing 
unusually high amounts of cholesterol and saturated fat resulted in the death of four of eight animals after several weeks. 
Premonitory syncope was frequently observed and was associated with a pronounced prolo tion of the QT intervals (30 to 
50% longer than that observed in untreated — Serum levels of probucol puer n 20 mcg/mL were gm 
associated with some prolongation in the QT interval in the cholesterol-fed monkey. A 75 msec or greater increase in QT interval 
from control values was usually seen at 40 mcg/mL and above. Blood levels in humans receiving Lorelco average ap roximately 
20 mcg/mL and not uncommonly reach levels of 40 mcg/mL and higher. Rhesus monkeys fed normal (low fal) chow and 
receiving probucol three to thirty times the human dose equivalent achieved blood levels only one-third those of many human 
subjects. No adverse effects were detected in these monkeys over an eight-year period of continuous drug administration. In 
another study in rhesus monkeys, an atherogenic diet was fed for two years and daily treatment with probucol, separated in time 
from the atherogenic meal, was carried out during the second year. Serum probucol levels ranged 20 to 50 mcg/mL in five of ten 
monkeys, and less in the remaining animals. Marked prolongation of the QT, interval in the ECG or syncopal behavior was never 
observed over the entire one-year treatment period. Regression of gross aortic lesions comparable to that observed in a parallel 
group of monkeys receiving cholestyramine was seen in animals receiving probucol. It should be emphasized that both HDL- 
cholesterol and LDL-cholesterol were markedly reduced in this regression study. During the performance of a two-year chronic 
study involving 32 probucol-treated dogs (beagles), there were 12 fatalities. 


Subsequent experiments have indicated that probucol sensitizes the canine myocardium to epinephrine, resulting in ventricular 
fibrillation in many dogs. Among the animal species in which probucol has been studied, the dog is peculiar with respect to the 
phenomenon of sudden death due to the sensitization of the myocardium to epinephrine. In contrast to findings in the dog, 
injections of epinephrine to probucol-treated monkeys did not induce ventricular fibrillation. 


In other studies, monkeys were given probucol either before and after, or only after myocardial infarction was induced by 
coronary artery ligation. In these studies, there was no difference between probucol- and placebo-treated groups with respect to 
either survival or detailed blind quantitation of myocardial changes (gross and histopathologic). 

Probucol has shown no identifiable toxicity in mice and rats. In these animals, the LD50 (oral) is in excess of 5 g/kg of body 
weight. In chronic studies of two years’ duration in rats, no toxicity or carcinogenicity was observed. 

From studies in rats, dogs, and monkeys, it is known that probucol accumulates slowly in adipose tissue. Approximately 90% o! 
bres administered orally is unabsorbed. For that which is absorbed, the biliary tract is the major pathway for clearance from 

e body and very little is excreted by way of the kidneys. 


Myocardial injury was produced in various gone of rats by one of the following procedures: aortic coarctation, coronary 
ligation, or cobalt or — injection. After probucol administration, no deleterious effects related to treatment occurrec 
as measured by survival and microscopic examination of myocardial damage. 


Probucol was administered to minipigs beginning ten days before ligation of la artery and continued for 60 days afte! 
surgery. Challenge with epinephrine at the end of 60 days failed to induce ventricular fibrillation in any of the coronary-ligated, 
probucol-treated minipigs. 


CLINICAL STUDIES: In a multicenter, randomized, double-blind study, the LRC-CPPT,? hypercholesterolemic patient: 

treated with an oral bile acid sequestrant (cholestyramine) and a cholesterol-lowering diet experienced average total and LDL 

cholesterol reductions greater those obtained in the Puno roup treated with diet alone. The cumulative seven-yea 

incidence of the primary end point —combined incidence of definite CHD death and/or definite nonfatal m ocardial infarction— 

was 7% in the cholestyramine group and 8.6% in the placebo group. This was a 19% reduction in risk (P less than 0.05, single 

he ee) of the primary end point reflecting a 24% reduction in definite CHD death and a 19% reduction in nonfatal myocardia 

infarction. 

The subjects included in the study were middle-aged men (35-59 years old) with serum cholesterol levels at least 265 mg/dL ani 

no previous history of heart disease. It is not clear to what extent these findings can be extrapolated to other segments of th 

hypercholesterolemic population not studied. 

The bile acid sequestrant, cholestyramine, was used in the above trial. Caution should be exercised in extrapolating these result 

to Lorelco since it differs from cholestyramine with regard to its mode of action, spectrum of cholesterol-lowering potency 

effect on HDL-cholesterol, and possible toxicity. The effect of probucol-induced reduction of serum cholesterol levels oi 

morbidity or mortality due to coronary heart disease has not been established. 
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Growth Rate of Left Atrial Myxoma 
Sonya Malekzadeh, BA, and William C. Roberts, MD 


H^? fast do left atrial (LA) myxomas grow? To at- 
tempt to answer this question we examined publica- 
tions describing patients in whom myxoma recurred in 
the left atrium after earlier excision of a similar tumor 
from this chamber. 

Although many publications have described recur- 
rence of myxoma in the left atrium after previous opera- 
tive excision, most did not provide either the weight or 
the dimensions of the myxoma excised at the second 
operation.!-!* At least 10 publications (9 patients) have 
described either the dimensions or weight of a recurrent 
myxoma in the left atrium and these 9 cases are summa- 
rized in Table I.!°-*4 Of the 7 patients in whom the 
information was provided, the largest dimension of the 
recurrent LA myxoma ranged from 1.5 to 10.0 cm (mean 
5.1), and the interval from the first operative excision to 
the operation for excision of the recurrent LA myxoma 
ranged from 11 to 76 months (mean 33). Thus, the 
recurrent myxoma in these 7 patients increased in size an 
average of 0.15 cm/month or 1.8 cm/year between the 2 
operations. In 3 of the 9 patients with recurrent LA 
myxoma, the weight of the recurrent tumor was provid- 
ed: the recurrent tumor weighed 19, 30 and 58 g and the 
interval between the 3 operations was 24, 30 and 36 
months, respectively. Thus, the recurrent LA myxoma in 
these 3 patients grew an average of 1.2 g/month or 14 
g/year. 

Whether or not the original LA myxoma grew as 
rapidly as the recurrent LA myxoma in the aforemen- 
tioned patients is, of course, unknown. Two echocardio- 
graphic reports, however, also have attempted to deter- 
mine how fast or slowly the initial LA myxoma grew. 


From the Pathology Branch, National Heart, Lung, and Blood Insti- 
tute, National Institutes of Health, Bethesda, Maryland 20892. Manu- 
script received June 27, 1989; revised manuscript received and accepted 
July 17, 1989. 
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* This case was reported in 2 different journals. 


TABLE I Pertinent Findings in Eight Previously Reported Patients with Recurrent Left Atrial Myxoma in Which the Dimensions or 


Interval 


Publication Age Initial Initial Between Recurrent Recurrent of Myxoma 
Year (yrs), | Myxoma Myxoma Operation Myxoma Myxoma 
First Author (Ref.) Sex (cm) (g) (months) (cm) (g) cm/mo g/mo 


Bahl 196915 i 

Walton 197216 49 F 70x35 — 23 
Maranhao — 19737!8* 49 F 50x40 — 44 
Kabbani 1973!9 19,F — = 19 
Mussini- 197320 7M — 31 24 

Montpellier 

Zackai 19742! 47,M — — 11 
Jugdutt 197522 46M — 80 30 
Attar 198023 57,M — 76 36 
Markel 198624 18F 4O0X30x20 22 30 





t This patient actually had 4 separate myxomas recurrent in the left atrium. This dimension is the largest of the 4 tumors. 


Roudaut et al? described a 45-year-old man with an 
echocardiographically normal LA cavity and mitral valve 
at the time of coronary artery bypass grafting, but echo- 
cardiogram 8 months later disclosed an LA mass that at 
operation was 5.5 X 4.0 cm in size. Marinissen et al?6 
described a 65-year-old man who had an echocardiogra- 
phically normal LA cavity and mitral valve at the time of 
coronary artery bypass grafting, but echocardiogram 18 
months later disclosed an LA mass that at operation was 
6.0 X 4.0 cm in size. Thus, in these 2 patients the original 
LA myxoma may have grown as rapidly as 0.44 cm/ 
month or over 5 cm/year. Whatever their exact growth 
rate may be, both recurrent and initial LA myxoma ap- 
pear to grow rather rapidly. 
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Effect of Estrogen Replacement Therapy on the ST-Segment 
Response to Postural and Hyperventilation Stimuli 


Peter Vaitkevicius, MD, Jeanette G. Wright, CCVT, and Jerome L. Fleg, MD 


t is widely recognized that exercise-induced ST-seg- 

ment abnormalities often occur in women with normal 
coronary arteries. False-positive exercise responses from 
14 to 67% have been reported.! The high frequency of 
ST-segment abnormalities at rest and in response to exer- 
cise in premenopausal women may be explained by their 
elevated plasma estrogen levels. Although direct testing 
of this hypothesis is difficult, the effect of estrogen on the 
ST-segment response to hyperventilation and postural 
shifts may provide insight into this question. These fre- 
quently used preexercise maneuvers are believed to pro- 
voke ST-segment shifts independent of myocardial isch- 
emia. We designed this study to compare the frequency of 
abnormal ST-segment responses to sitting, hyperventila- 
tion and standing in postmenopausal women receiving 
estrogen replacement therapy versus those not receiving 
it. 

Since 1978 women have been enrolled in the Balti- 
more Longitudinal Study on Aging and have been fol- 
lowed biennially with extensive noninvasive testing that 
includes a detailed history and physical examination, 
blood and urine biochemistry, chest x-ray, pulmonary 
function tests, 12-lead electrocardiogram, exercise 
treadmill test and, if logistically possible, exercise thal- 
lium scintigraphy. To date 563 women have enrolled, 82 
of whom are taking estrogen replacement therapy. 
Women with any history of atherosclerotic cardiovascu- 
lar disease, hypertension, mitral valve prolapse, left ven- 
tricular hypertrophy by electrocardiogram, intraventric- 
ular conduction delays or repolarization abnormalities 
were excluded, as were those who used diuretics, digital- 
is and antianginal, antiarrhythmic or thyroid medica- 
tion. Forty-five postmenopausal women, 36 to 78 years 
of age, fulfilled the study criteria. Those younger than 
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55 years old were documented to have undergone surgi- 
cal menopause or were amenorrheic with vasomotor 
symptoms, atrophic vaginitis by physical and cytologic 
exam, or other symptoms consistent with menopause. 
The mean duration of estrogen replacement therapy was 
72 + 34 (standard deviation) months (range 3 to 240) in 
doses averaging 0.625 mg (range 0.3 to 1.25) of conju- 
gated estrogen daily. Five women cyclically received pro- 
gesterone preparations. 

For each woman in the estrogen replacement therapy 
group, an age-matched control woman with no history of 
estrogen replacement therapy was randomly selected 
from the remaining 481 participants using identical ex- 
clusion criteria. On the morning of testing and at least 2 
hours postprandially, a standard 12-lead electrocardio- 
gram was performed. After limb electrodes were moved 
to the shoulders, additional 12-lead electrocardiograms 
were obtained in the sitting position, again after 30 sec- 
onds of supervised hyperventilation and finally after 30 
seconds of standing. Electrocardiograms were randomly 
reviewed in a blinded fashion by 2 independent readers, 
and disagreements were resolved by consensus. ST seg- 
ments were coded in accordance with the Minnesota code 
criteria as either 4:1, 4:2, 4:3, 4:4 or normal.’ ST-seg- 
ment elevation or isolated J-point depression =I mm 
with a rapidly upsloping ST-segment (i.e., >5 mm/s) 
were not judged as significant. The heart rate responses 
to these maneuvers were compared between estrogen re- 
placement therapy and control groups. In addition, the 
serum cholesterol and current smoking status of both 
groups and the prevalence of exercise-induced perfusion 
defects in the subset who volunteered for thallium scin- 
tigraphy were compared (Table I). Continuous variables 
are expressed as mean + standard deviation. Data were 
analyzed by unpaired t test and chi-square analysis with 
Yates' continuity correction. A p value €0.05 by 2-tailed 
testing was required for significance. 

Baseline characteristics of the 2 groups are listed 
in Table I. Total serum cholesterol levels, smoking hab- 
its and the prevalence of positive thallium scans were 
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nge sterii or sd hyperventilation EE to 
a single control subject (Table II; p = 0.01, chi-square). 
— Four women receiving estrogen replacement therapy de- 
. veloped ST-segment abnormalities on sitting and 6 addi- 
- tional women developed such changes after hyperventi- 
lation. Note that ST-segment abnormalities persisted 
-after standing in all 10 subjects taking estrogen replace- 
. ment therapy. These women did not differ from the other 
....33 receiving estrogen replacement therapy with respect 
- to serum cholesterol, smoking status or thallium scintig- 
-raphy result. There were no significant differences in 
- group heart rate responses to postural shifts or hyper- 
ventilation between the 2 groups (Table III). 
The present study demonstrates that postmenopausal 





women who are taking estrogen replacement therapy 


show a significant increase in abnormal ST-segment re- 
“sponses to postural shifts and hyperventilation compared 
to age-matched controls. There were no differences in the 

` prevalence of standard coronary risk factors or the num- 
ber of positive thallium scans between women receiving 
"estrogen replacement therapy and controls or between 
the 10 women receiving estrogen replacement therapy 
^ with ST-segment changes and the 35 other women receiv- 
ing estrogen replacement therapy. Heart rates during 
postural shift and hyperventilation were also similar be- 
tween the groups. These results make it highly unlikely 


-that the prevalence of undetected coronary artery disease 


was. higher in the estrogen replacement therapy group 
. and are supportive of the contention that estrogens havea 
-direct effect on the electrocardiogram. Similar increases 
in the prevalence of abnormal ST-segment responses 
were noted during exercise, although not at rest, in the 
< Lipid Research Clinics Program. 
Mechanisms by which estrogens can influence the 















! trogens hat ve been shown to exert a vasoconstrictive effect 
-on the uterine wall ‘whether they exert a similar effect on 

he myocardium is unknown. Myocardial and arterial 
1 muscle cells are known to possess estrogen recep- 
might mediate the observed electrocardiograph- 
AC ücitonally, estrogens share a similar chemi- 











diogram are not well understood. Although es- 
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cal structure and certain pharmacokinetic properties with . 
digitalis, a drug well documented to produce ST-seg- 
ment abnormalities with exercise in subjects with normal -= . 
coronary arteries, even when the resting electrocardio- .—— > 
gram is unaltered. Changes in autonomic toneareanoth- — 
er possibility; in animal models estrogen is known to alter = 
B-adrenergic binding. Whatever the mechanism, this. . 
study documents a higher prevalence of codable ST-seg- B 
ment abnormalities induced by postural shifts and by 
hyperventilation in postmenopausal women receiving es- 
trogen replacement therapy, and suggests that such ther- 
apy may be a major source for a false-positive i to 
exercise testing. i 
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-digitalis toxicity.! Its association with 
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® idirectional ventricular tachy- 
Wal cardia (VT) is a rare arrhyth- 
mia most commonly reported with 


familial sudden death syndrome has 
been reported only once, in 2 siblings 
with a fatal outcome.” We report the 
management and long-term follow- 
up of a Filipino woman with bidirec- 
tional VT and a strong family history 


" - 9f sudden death. 


SB, a 26-year-old Filipino wom- 
an, had 5 siblings who had died sud- 
denly and unexpectedly before the 
age of 19 (Figure 1). All 4 brothers 
died during exertion and a sister 
while frightened. Her only surviving 
siblings, a 40-year-old sister and a 
47-year-old sister, have been symp- 
-tomatic from palpitations. The pa- 
tient had numerous syncopal epi- 
sodes since age 19, 6 in 1984, 2 dur- 


: M ing exertion and 1 while frightened. 
= These were not preceded by palpita- 
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ALL SUDDEN DEATHS 
DURING EXERTION 


. | QQ) WHILE FRIGHTENED | — 


tions, lightheadedness or seizure ac- 
tivity. In December 1984, she was 
admitted to a community hospital 
after a syncopal episode while walk- 
ing. She had never taken any medi- 
cations. The serum sodium was 139 
mEg/liter and potassium was 4.4 
mEg/liter. A 12-lead electrocardio- 
gram at rest showed normal sinus 
rhythm at rate of 60 beats/min, a 
QRS axis of 0°, normal PR, QRS 
and QT intervals, diffuse T-wave 
flattening and a U wave (Figure 2A). 
A 2-dimensional echocardiogram 
showed late systolic prolapse of the 
mitral valve. During a treadmill test 
she developed VT, which converted 
to sinus rhythm after infusion of lid- 
ocaine and propranolol. She was re- 
ferred to Stanford University Medi- 
cal Center for further evaluation in 
January 1985. 

She appeared frightened and had 
a regular heart rate at 60 beats/min 
and blood pressure of 94/48 mm Hg. 
The jugular venous pressure was 
normal; a grade 2/6 late systolic pre- 
cordial murmur without clicks was 
present. The serum sodium was 141 
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tion using 3 extrastimu | 
nonsustained bidirectional VT simi- 
lar to that observed during exercise 
testing. Cardiac catheterization re- 
vealed mitral valve prolapse, normal 
coronary arteries and a normally 
contracting left ventricle. Right ven- 
tricular endomyocardial biopsy was 


normal. On propranolol therapy, 8 
minutes of exercise (5 METs) was __ 
unsuccessful in provoking tachyar- —— 


rhythmia. She was discharged re- 
ceiving oral atenolol 25. mg daily 
with a transtelephonic telemeter fol- 
low-up at the Stanford Arrhythmia 
Clinic. | 

Over 3.5 years, she has remained — 
free of syncope episodes and ar- — 
rhythmic episodes without change in 
her resting electrocardiogram. Sub- 
sequent treadmill tests, all on ateno- 
lol, have been unsuccessful at pro- 
voking further arrhythmic events. 


Bidirectional VT is a rare ar- 


rhythmia characterized by a right | 
bundle branch block QRS morpholo- 
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'IGURE Tm 12-lead electrocardiogram of patient taken during rest and B, during treadmill test "^ hustr 


gy and frontal plane polarity that 

alternates from —60 to —80° to 

+120°, and a ventricular rate be- 

sg 140 and 200 beats/min.? It has 
ribed most commonly in 

digital toxicity, but electrolyte and 


| tachycardia. Neither case ——a o 
electrophysiologic- or treadmill- 
guided drug testing, but both re- 
ceived empiric oral therapy. In fact, 1 
sibling died, presumably from a. 

 proarrhythmic quinidine effect. We 
report a successfully treated case of Nakamura Y. Long-stan 

- bidirectional VT, not toxic from digi- E ia in a patient with hy 

. talis, with a familial sudden death Ps : 
syndrome. 4 
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= chocardiography has been shown 
‘fim to have clinical utility in the di- 
agnosis and monitoring of patients 
with bacterial endocarditis.! How- 
ever, in patients with prosthetic 
valves or extensive calcification of 
the leaflets or valve rings, the pres- 
ence of multiple dense echos may 
make identification of vegetations or 
abscess formation difficult.? Indium- 


Manuell D. y MD, Arnold F. Jacobson, MD, PhD, 
Mies Matsuda, BS, and John R. Stratton, MD 


111 leukocyte scintigraphy is capable 
of identifying areas of abscess forma- 
tion or active infection? but its role in 
the evaluation and monitoring of pa- 
tients with endocarditis is not clearly 
established. We report a patient 
with Staphylococcus aureus endo- 
carditis who had a mitral valve vege- 
tation identified by indium-111 leu- 
kocyte scintigraphy. 





FIGURE 1. Anterior indium-111 HO EHE ace seen iia 
cumulation in the area of the mitral valve (arrow). Normal leukocyte uptake is 
noted in the liver, spleen and bone marrow. 





























priate antibiotics * were ‘star ed; 
presumed endocarditis. The follow- à 
ing day blood cultures grew Staphy- 
lococcus aureus. M-mode, 2-dimen- — 
sional and Doppler echocardiogra- 
phy showed marked mitral anular 
calcification with mild to moderate 
mitral regurgitation. Although a 
vegetation was not visualized, the. _ 
possibility that one was present — 
could not be excluded due to the ex- 
tensive calcification of the mitral 
leaflets and anulus. 

After 3 days the fever persisted 
and an indium-111 leukocyte scan 
was performed in an attempt to iden- 
tify a possible source. The patient's | 
leukocytes were labeled using our - 
previously described method, and 
planar gamma camera imaging was 
performed at 24 hours. Focal in- 
creased uptake was noted in the area 
of the mitral valve anulus (Figure 
1). Immediate repeat echocardiog- | 
raphy showed a large mitral valve 
vegetation that had chaotic motion 
and prolapsed into the left atrium 
(Figure 2). Increased mitral regurgi- 
tation was also noted. Before mitral 
valve replacement could be per- 
formed, the patient developed neuro- 
logic signs consistent with a left 
frontal lobe infarction and subse- 
quently died. | 

At necropsy a 1 cm? vegetation 
was found on the posterior leaflet of — 
the mitral valve with lateral exten- 
sion along the valvular ring, but 
there was no evidence of myocardial — 
abscess formation (Figure 3). The: 
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FIGURE S. Tiu hoari has been socSoned dad Is displayed with the left atrium at 
-the fop, the left ventricular apex at the bottom and the anterior mitral valve leaflet 
on the right. The vegetation found on the posterior leaflet has been partially 
- removed and fibrinous changes are present in the papillary muscle and chordae 
- tendineae of the posterior cusp. There was no histologic evidence of myocardial 


vegetation included granular tissue 

c With gram positive cocci and leuko- 
cytes. Organized and fresh clot was 

. also present. 

- ^ Indium-111 labeled leukocytes 
localize in areas of active infection 
and leukocyte scintigraphy has been 
used extensively to identify abscess 

formation in the abdomen and 

<- chest.? We have previously reported 

. the ability of this technique to identi- 

- fy myocardial abscess formation in 

. patients with bacterial endocarditis. 

- In the current report this diagnostic 
technique correctly identified the 

`: presence of a large mitral valve vege- 
- tation. Failure of the initial echocar- 
diogram to detect the vegetation may 

. have been due to its small size or the 





presence of heavy calcification. 
Echocardiographic visualization 3 
days later suggests that the vegeta- 
tion had increased in size due to addi- 
tional thrombus formation as sug- 
gested by the findings at necropsy. 
Indium-111 labeled platelets and red 
blood cells, which are usually present 
as contaminants in mixed leukocyte 
preparations,? may have contributed 
to scintigraphic visualization of the 
vegetation as a result of the presence 
of active clot formation. The persis- 
tence of a high cardiac background 
with indium-111 labeled platelets 
makes this technique less desirable 
for endocarditis detection. 
Although the sensitivity of leuko- 
cyte scintigraphy for the initial diag- 
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its of radionuclide i imaging pre « 
unlikely that small areas of localize 
infection will be detected. Theref 
we do not feel that this method wi 
be useful for the initial evaluation of 
all patients with bacteremia and sus- 
pected endocarditis. In patients with 
prosthetic or heavily calcified native 
valves and those with technicall 
poor quality echocardiograms, indi- — 
um-111 leukocyte scintigraphy may 

be useful in initial patient evaluation. 
In addition, for endocarditis patients 
being considered for valve replace = 
ment because of persistent fever or 
bacteremia after several daysofade- — 
quate antibiotic coverage, indium- 

111 leukocyte scintigraphy may help 
identify myocardial abscess as well as 
infected sites elsewhere in the body. 

With this information, appropriate 
treatment decisions, whether involv- 

ing surgical drainage, valve replace- 

ment or continued antibiotic therapy, : 

can then be made. e 
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he use of an intraaortic balloon 
pump (IABP) in a patient with 
-aortic dissecting aneurysm is hazard- 
ous. The balloon catheter may curl in 
the aneurysm or be inserted into the 
dissected lumen.! If a balloon cathe- 


^ ter is inserted into the false lumen, 
< not only may the beneficial effect of 


JABP be attenuated, but the aorta 
could rupture. Fluoroscopy is usually 
used to guide the catheter insertion. 
However, it is difficult to be certain 
that the entire balloon catheter is 
properly inserted into the true lumen 
using fluoroscopic guidance in a pa- 
tient with aortic dissection. In this 
case study, we successfully used ab- 
dominal and transesophageal echo- 
-cardiography to guide the insertion 
< ofa balloon catheter in a patient with 
aortic dissecting aneurysm. 

A 37-year-old-woman with the 
Marfan syndrome, severe aortic re- 
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gurgitation, impaired left ventricu- 
lar function and aortic dissecting an- 
eurysm (DeBakey type I) underwent 
the Bentall operation? and received a 
replacement of her aortic arch. She 
had had a perioperative large anteri- 
or myocardial infarction, which re- 
sulted in severe circulatory failure. 
An IABP was felt to be required de- 
spite the associated aortic dissection. 
The dilated lumen of the vessel and 
the intimal flap could be detected 
clearly and continuously from the 
right common iliac artery to the aor- 
tic arch by abdominal and transe- 
sophageal echocardiography (Fig- 
ure 1). The true lumen was readily 
distinguished by color Doppler be- 
cause the red Doppler signal was ob- 
served in it. The intimal flap moved 
from the true lumen toward the false 
lumen during systole. We used echo 
Doppler as a guide for the insertion 
of a balloon catheter. The balloon 
catheter was inserted into the right 
femoral artery and advanced slowly; 
thus, the catheter's location was con- 
firmed with echo Doppler. Its loca- 
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aorta was confirmed by t 
 .ageal echocardiography. yc The tip of 
^ Co the catheter was initially positioned 


lumen; T = 


at the arch and was then pulled | back . 


about 4.cm to its final position. This 


position was confirmed by chest 
roentgenography after insertion. Af- 
ter LABP assist, the patient's hemo- 
dynamic conditions markedly im- 
proved. | 
IABP is an effective technique for 
circulatory assist for the manage- ~ 
ment of patients with severe heart 
failure or cardiogenic shock." ^ How- 


ever, when abdominal or thoracic . t 
aortic dissecting aneurysms are 3s80-  — 
ciated with severe heart failure or 
cardiogenic shock, balloon catheter 


insertion can be difficult. When the - 
catheter is inserted into the. false 
lumen, aortic rupture or development 


of a dissection nu occur during bal- 


loon pumping.’ The fluoroscopic y 
guidance may prevent the curling of — 
the balloon in the aneurysmal dilata- 
tion! and also decrease the possibility 
of the balloon advancing into the 


false lumen. However, it is difficult 
to ensure that the wholeof the cathe- ~~ 


ter is inserted into the true lumen 
with fluoroscopy. In this case, we 
used echocardiography as a guide for 
the insertion of a^balloon catheter 
and were able to locate it in the true 


FIGURE 1. Color M-mode (leff and 2- — 
dimensional echocardiograms (right) of ^ 
the descending aorta obtained with — dum 
transesophageal approach. F — false 
true lumen. 


















































"FIGURE 2. Long ex view of the abdominal aorta. The balloon is inserted into the 
_ true lumen. F = false lumen; T = true lumen. 











.. may be i usef th 
and location ofa ‘balloon catheter 


- increase the usefulness of TABP dn 
the intensive care unit. ^ : 





patient wit. 
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Pun 12-year-old iine hypertensive. and diabetic 
- woman was hospitalized for i increasing dyspnea. 
- M The electrocardiogram disclosed no abnormali- 
ties. By chest radiograph the lung fields were “clear” and 
the cardiac silhouette was of normal size. The M-mode 
. echocardiogram disclosed no abnormalities, but the 2- 
-> dimensional echocardiogram showed a small mass in the 
-- right atrium. The transesophageal echocardiogram dis- 
closed that the mass was attached by a fairly wide stalk to 
the fossa ovale region of the atrial septum, that it occu- 
~~ pied <20% of the area of the right atrium, that it did not 
extend caudally to the level of the tricuspid valve anulus, 
_ and that it contained calcific deposits. The 2.0 cm, 20 g 
co "right atrial mass was operatively excised, and histologic 
<: examination disclosed it to be a myxoma. 
| Did the presence of a mass in the right atrium warrant 
its excision? The mass did not come close to the tricuspid 
valve anulus, much less protrude through the tricuspid 
. valve orifice. The mass was firmly attached by a relatively 
broad base to the atrial septum. The right atrial cavity 
was larger than normal and therefore the mass could not 
possibly obstruct flow through this cavity and it was sev- 
eral centimeters from the orifices of the vena cava. The 
presence of calcific deposits in the mass indicated that the 
- . mass had been in the right atrium for a long time. There 
^. were no indications that portions of the mass had been 
-dislodged and embolized to a pulmonary artery. The pul- 
monary arterial and right-sided cardiac pressures were 
normal. The increasing dyspnea in the patient could not 
justifiably be attributed to the right atrial mass. 
- -o Through the years I have seen several small /eft atrial 
myxomas at necropsy, so small that they could not possi- 
.. -bly have caused cardiac dysfunction. They had not been 
diagnosed during life because an echocardiogram had not 
been performed. They were incidental necropsy findings 
and they had nothing to do with the patients’ deaths. 
The echocardiogram has almost revolutionized cardi- 
ac diagnosis. The transesophageal technique is so sensi- 
tive and its pictures so vivid that it is almost like “feeling” 
| the heart itself. Some diseases are diagnosed now more 
.. often by echocardiogram than by any other means. These 
-> diseases include mitral valve proplapse, hypertrophic 
cardiomyopathy, extensive cardiac amyloidosis, intra- 
cavitary masses including thrombi, and benign and 
malignant neoplasms including atrial myxomas, cardiac 
-valvular vegetations and calcific deposits, mitral anular 
calcium and probably mitral stenosis, bicuspid aortic 
e  dysfunctioning prosthetic and bioprosthetic 
es, aneurysms of the ascending or descending thorac- 
























ic aorta, and some pericardial dis 
orders. The echocardiogram is fa 
better than the electrocardiogram 
in determining the presence or ab 
sence of cardiac hypertrophy. I 
wonderful for determining the 
sizes of the cardiac cavities and 
whether or not the ventricular. 
walls are contracting well. It is ex- 
cellent in locating localized ven- 
tricular wall protrusions (aneu- 
rysms). For congenital heart dis- 
ease, the echocardiogram—not cardiac cathetsrization— 

is now often the definitive diagnostic procedure. The 
echocardiogram does not compete as yet with the angio- — 
gram in determining the presence or absence of coronary __ 
artery disease, but that too may eventually change. Ina 
way the echocardiogram is a “live autopsy" in that it- 
provides both anatomic and functional information on | 
the heart. The Doppler technique provides splendid infor- 
mation on blood flow through the heart, whether the _ 
valves are stenotic or incompetent or both, and the degree mn 
of that valvular dysfunction. em 

But is the echocardiogram diagnosing too much “dis- p 
ease"? Is it a too sensitive diagnostic instrument? Ifa 
mass is diagnosed, irrespective of its size or whether it is 
causing dysfunction, does the diagnosis itself mandate the 
excision of the mass, as in the 72-year-old woman de- __ 
scribed earlier? I remember a report several years ago __ 
where a nodule was detected on the mitral valve by echo- 
cardiogram. The nodule was operatively excised and it 
was a benign fibrous nodule (elastofibroendothelioma), 
and it had caused no dysfunction. Intracardiac thrombi 
have been operatively excised on other occasions. 

I salute the echocardiogram and the splendid diagnos- | 
tic and prognostic information that it provides. I worry 
sometimes that this apparatus has become so good that it 
leads at times to operative interventions that may not be 
warranted. 
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Atrial Transport Function After 
Conversion of Atrial Fibrillation 
to Sinus Rhythm 


Shapiro et al,! using Doppler echocar- 
diography, studied atrial transport func- 
tion following conversion of atrial fibrilla- 
tion (AF) to sinus rhythm either by direct 
current shock or during drug administra- 
tion. They concluded that atrial transport 
function is normal after brief periods of 
AF, but reduced or absent when conver- 
sion is achieved after the arrhythmia has 
been sustained more than 1 week, and that 
atrial contribution to filling gradually in- 
creases after conversion. 

Twenty years ago in an experimental 
study? in dogs with normal mitral orifice 
and in dogs with mitral stenosis produced 
by the method described by Moscowitz 
and Wilder,’ we induced AF with metha- 
coline using the method of Coelho.* Plac- 
ing catheters in the left atrium, left ven- 
tricle, aortic arch and right atrium, we 
studied the pressure pulses and electro- 
cardiogram before the production of AF, 
during AF and immediately after at- 
tempted electrical reversion of the ar- 
rhythmia. We showed that after the elec- 
trical reversion of AF to sinus rhythm, the 


Letters (from the United States) concerning a 
particular article in the Journal must be re- 
ceived within 2 months of the article's publica- 
tion, and should be limited (with rare excep- 
tions) to 2 double-spaced typewritten pages. 
Two copies must be submitted. 















TABLE  Thermodilution Versus Doppler Stroke Volume | 





restoration of a normal atrial repolariza- 
tion wave (P wave) not associated with the 
return of an atrial systolic wave was not 
infrequent. We also showed that a lack of 
atrial systolic wave on the left atrial pres- 
sure curve could be accompanied by the 
presence of a right atrial systolic wave on 
a simultaneous right atrial pressure curve 
in the same dog. We observed transitory 
atrioventricular rhythms after conversion, 
with a P wave eclipsed by the QRS com- 
plex or shortening of the PR interval. We 
also showed that the hemodynamic results 
of the occurrence of ineffective atrial ac- 
tivity or inappropriately timed atrial sys- 
tole was more important in dogs with nor- 
mal mitral orifice than in dogs with mitral 
stenosis because in these the effect of the 
decline of the left ventricular systolic 
pressure was attenuated by the decline in 
the left ventricular end-diastolic gradient. 
We excluded myocardial damage, long- 
standing hemodynamic disturbances and 
longstanding arrhythmia as causes of the 
failure of atrial contraction to return after 
cardioversion. 


Eduardo Macieira-Coelho, wp, PhD 
Lisbon, Portugal 
28 February 1989 


1. Shapiro EP, Effron MB, Lima S. Ozyang P, 
Sin CO, Busch D. Transient atrial dysfunction 
after conversion of chronic atrial fibrillation to 
sinus rhythm. Am J Cardiol 1988;62:1202- 
1207. 

2. Macieira-Coelho E, Alves MG, Almiro H, 
Granate J, Coelho E. Atrial activity following 


Doppler 
Thermodilution Ejection Mean Flow 
Stroke Volume Time Velocity 
Age (yrs), Sex (s) (ml/s) 


1 

2 ; 

3 66, M 69 

4 70, M 35 

5 68, F 56 

6 69, M 48 

y 51, M 65 

8 77, M 46 

9 64, F 63 
10 74, F 19 
11 88, F 91 
12 67, M 79 
13 72, M 41 
14 22, M 61 
15 80, F 94 
16 52, M 71 
Mean + SD 58 + 23 






conversion of experimental atrial fibrillation by 
direct current shock. Acta Cardiológica 1968; 
23:439-453. 

3. Moscowitz HL, Wilder RJ. The pressure 
events of the cardiac cycle in the dog: mitral 
valve lesions. 4m Heart J 1957;53:741-752. 
4. Coelho E. Physiopathologic study (clinical 
and experimental) of the tricuspid valve. Am J 
Cardiol 1959;3:517-523. 


Erratum 


The study, “Nongeometric Doppler 
Stroke Volume Determination," by Spo- 
dick and Koito in the April 1, 1989 issue 
inadvertently included a truncated table 
showing only 14 patients. Patient 15 was 
an 80-year-old woman with thermodilu- 
tion stroke volume of 94 ml, ejection time 
of 0.310 second, Doppler mean flow veloc- 
ity of 0.70 ml/s and a predicted stroke 
volume of 88 ml; patient 16 was a 52-year- 
old man with thermodilution stroke vol- 
ume of 71 ml, ejection time of 0.320 sec- 
ond, Doppler mean flow velocity of 0.52 
ml/s and predicted stroke volume of 61 
ml. Also omitted were the mean + stan- 
dard deviation results for the series: the 
thermodilution stroke volume was 58 + 
23 ml and the mean predicted stroke vol- 
ume was 57 + 22 ml. Thus, the mean 
stroke volume difference for the series was 
—].4 + 5.8 ml. 

The completed table is now given. 


David H. Spodick, mp, DSc 
Worcester, Massachusetts 
10 April 1989 
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(ml) Difference 


| SD = standard deviation. 
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TENORMIN reduces more than just painful myocardial 
ischemia. It reduces painless ischemia as well. Alone or in 
combination regimens, it lowers the total ischemic burden* 
and reduces the need for PRN nitroglycerin.'? 


In Angina 
ONE TABLET A DAY 


€NORMIN 


(atenolol) 


P ROTECTS Th E HEART. e 3 See adjacent page for brief summary of prescribing information. 





itive (cardioselective) blocking agent. 
ON: TENORMIN (atenolol), a synthetic, beta,-selective (cardiosetective) adrenoreceptor 
‘agent, may be chemically described as benzeneacetarmide. 4-[2' -hydroxy-3°-/(-methy!- 
inoj propoxy}-. Atenolol (free base) has a molecular weight of 266 It is a relatively polar 
compound with a water solubility of 26.5 mg/mL at 37°C and a log partition coefficient 
ater) of 0.23. tt is freely soluble in 1N HCI (300 mg/mL al 25° C) and less soluble in 
g/mL at 25°C). 
Nis available as 50 mg and 100 mg tablets for oral administration. 
ledients; magnesium stearate, microcrystaline cellulose, povidone. sodium starch 
iate DOE 
‘ATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management ol 
i ; t may. be used alone or concomitantly with other antihypertensive agents. particularly 
type diuretic. 
ris Due to Coronary Atheroscierosis: TENORMIN is indicated for the long-term 
Y patients with angina pectoris. 
SATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater 
st degree; cardiogenic shock, and overt cardiac failure (See WARNINGS } 


han first deg! 
WARNINGS: Cardiac Fallure: Sympathetic stimulation is necessary in supporting Circuratory 


hctioh in congestive hear! failure, and beta blockade carries the potential hazard of further 
ssing myocardial contractility and precipitating more severe failure. In hypertensive patients who 
congestive héart failure controlled by digitalis and diuretics, TENORMIN shouid be administered 


iously, Both digitalis and atenolol slow AV conduction 

Patients Without a History of Cardiac Fallure: Continued depression of the myocardium with 
a-blocking agents ovet.a period of time can, in some cases. lead to cardiac failure. At the frst sign 

symptom of impending cardiac failure, patients should be tuily digitalized and/or be given a 

uretic and the response observed closely. If cardiac failure continues despite adequate digital 


auon and diuresis, TENORMIN should be withdrawn. (See Dosage and Administration } 


Cessation of Therapy With TENORMIN: Patients with coronary artery disease. who are being 
"fréated with TENORMIN, should be advised against abrupt discontinuation of therapy Severe 
acerbalion of angina and the occurrence of myocardial infarction and ventricular arrhythmias 
‘have been reported in angina patients following the abrupt discontinuation ol therapy with other 
beta blockers. The fast two complications may occur with or without preceding exacerbation of 
ttie.anginia pectoris. To date, there has been no report ot myocardial infarction or severe angina 
pon withdrawal of TENORMIN, probably due to its long plasma half-life Because of the 
roblems encountered with other beta blockers, when discontinuation of TENORMIN is planned, 
e patients should.be carefully observed and advised to limit physical activity to a minimum H 
i angina worsens oracute coronary insufficiency develops, it is recommended thal 
ENORMIN be promptly reinstituted. al least temporarily (Gee Dosage and Administration.) 


ront astic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
AL, NOT RECEIVE BETA BLOCKERS. Because of its relative beta, selectivity, however, 
IORMIN may be used with caution in patients with bronchospastic disease who do not 
yond to, or cannot tolerate, other rue ioci t Since beta, selectivity is not 
absolute, the lowest possible dose of TENORMIN should be used with therapy initiated at 
50 ma, sng s peti ed sgen ihronchoataior should be made available. it dosage 
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agents which depress the.myocardium such as ether. cyciopropane, and trichioroethylene 
» TENORMIN, fike other beta blockers, is a competitive inhibitor ol beta-receptor agonists and its 
effects. on Ihe heart can be reversed by administration of such agents (eq, dobutamine or isoproterenol 
with caution-—see section on Overdosage). Manifestations o! excessive vagal tone (eg. profound 
pradycardia, hypotension) may be corrected with atropine (1-2 mg tV). 
iabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if à 
-beta-blocking agentis required. Beta blockers may mask tachycardia occurring with hypoglycemia. 
but other manitestations such as dizziness and sweating may not be significantly affected 
TENORMIM does riot potentiate insulin-induced hypoglycemia and, unlike nonselective beta 
ackers, does n lay recovery of blood glucose to normal levels. 
ico a-adrenergic blockade may mask certain clinical signs (eg. tachycardia) of 
ism: Abrupt withdrawal of beta blockade might precipitate a thyroid storm, therefore. 
cted of developing thyrotoxicosis fram whom TENORMIN therapy is to be withdrawn 
tored.closely. (See Dosage and Administration.) 
:Impaired Renal Function: The drug should be used with caution in patients with 
n. (See Dosage and Administration.) 
actions: Calecholamine-depleting drugs (eg. reserpine) may have an additive effect 
jih beta-blocking agents. Patients treated with TENORMIN plus a catecholamine 
uid therefore be closely observed for evidence of hypotension and/or marked 
dia which may produce vertigo. syncope. or postural hypotension. 
Guid it be decided to discontinue therapy in patients receiving beta blockers and clonidine 


hav 


urtenitly; the beta blocker should be discontinued several days before the gradual withdrawal of 


inogenesis, M sis, impairment of Fertility: Two long-term (maximum dosing duration 
24 months) fat studies and one long-term (maximum dosing duration of 18 months) mouse 
oh employing dose levels as mgh as 300 mg/kg/day or 150 times the maximum 
mended human dose, did not indicate a carcinogenic potential in rodents. Results of various 
enicity studies support this finding. 
ity of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the 
um recommended human dose) was unatfected by atenolol administration. 
cology: Chronic studies performed in animals have revealed the occurrence of 
peliat cells of Brunner's glands in the duodenum of both male and female dogs at all 
f atenolol (starting at 15 mg/kg/day or 7.5 times the maximum recommended 
3ased incidence of atrial degeneration of hearts of mate rats at 300 mg but not 
(150 and 75 times the maximum recommended human dose, respectively). 
Y: Pregnancy Category C. Atenolol has been shown to producea dose- 
fetal resorptions in rats at doses equal to or greater than 50 mg/kg/day or 
commended human dose. Although similar effects were not seen in 
ot evaluated in rabbits at doses above 25 mg/kg/day or 12.5 times the 
man dose. There are no adequate and well-controlled studies in pregnant 
tbe used during pregnancy only 4f the potential benefit justifies the 
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The following adverse 
the LIS studies (volunteered side 


elicited side effects): 


US STUDIES (% AT 
CARDIOVASCULAR: brad 
(295.195), leg pain (095-0-596] 
CENTRAL NERVOUS SYSTEM! 
iightheadedness (1%-0%). tiredness (0.696-0.596). fatigue (396-196), Jetha 
(0 696-095). depression (0 626-0 595). dreaming (096-096) - Lo da 
GASTROINTESTINAL. diarrhea (295-096), nausea (495-196) ^. C TEES 
RESPIRATORY (see WARNINGS). wheeziness (096-096). dyspnea (0.6%1%) = 
TOTALS US AND FOREIGN STUDIES: J e A 
CARDIOVASCULAR: bradycardia (395-095). cold extremities (1296-596). postural hy pot 
(496-596), leg pain (3%-1%} ONE AAA 
CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (1396-696), vertigo (2%: 
tightheadedness (3%-0.7%), tiredness (2695-1396), fatigue (696-596), lethargy (396-0. 7%), Grows 
(2%-0.5%). depression (1296-075), dreaming (36-196) Mei 
GASTROINTESTINAL. diarrhea (3% -2%), nausea (396-196) 
RESPIRATORY (see WARNINGS): wheeziness (396-395), dyspnea (6%-4%) ME 
MISCELLANEOUS: There have been reports of skin rashes and/or dry eyes associated wi 
of beta-adrenergic blocking drugs The reported incidence is small and, in most Cases, ihe 
have cleared when treatment was withdrawn. Discontinuance of the drug should be consid 
such reaction is not otherwise explicable. Patients should be closely monitored following Ces 
therapy. 
POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reporte 
other beta-adrenergic blocking agents. and may be considered potential adverse effects of. . 
TENORMIN 
HEMATOLOGIC Agranutocytosis, nonthrombocytopenic purpura, thrombocytopenic purpur 
ALLERGIC Fever. combined with aching and sore throat, laryngospasm, and respiratory distre 
CENTRAL NERVOUS SYSTEM Reversible mental depression progressing i0 catatonia, vis at 
disturbances. hallucinations, an acute reversible syndrome characterized by disonenlation 0 if 
and place. short-term memory loss, emotional lability with sightly clouded sensornum, decreased 
performance on neuropsSychometrics. 
GASTROINTESTINAL . Mesenteric arterial thrombosis, rschernic colitis. 
OTHER. Reversible alopecia, Peyronie's disease. erythematous rash. Raynaud's phenome! 
MISCELLANEOUS: The oculomucoculaneous syndrome associat hthe beta bloc 
has noi been reported with TENORMIN during investigational use < i r : 
Furthermore. a number of patients who had previously demonstrated hehe 
were transierted to TENORMIN therapy with subsequent resolution or quiescence 
OVERDOSAGE: To date. there is no known case of acute overdosage, and no speciic informat 
emergency treatment of overdosage ts available. The most common effects expected with overdose 
of a beta-adrenergic blocking agent are bradycardia, congestive heart failure, hypotension, ^ 7s 
bronchospasm, and hypoglycerna. 


HYPOGLYCEMIA: intravenous glucose. i x 
DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg iva 
one tablet a day either alone or added to diuretic therapy. The full eilect of this. dose will usually be 
seen within 1 to 2 weeks. if an optimal response is not achieved, the dosage should De increased to- 
TENORMIN 100 mg given as one tablet a day Increasing the dosage beyond 100 mg a day i$ unlik 
to produce any further benefit SIL 
TENORMIN may be used alone or concomitantly with other antihypertensive agents including x 
thiazide-type diuretics, hydralazine, prazosin. and aloha-methyidopa A uA 
Angina Pectoris: The initia! dose of TENORMIN is 50 mg given as one tablet a day. ff an optimal; 
response is not achieved within 1 week, the dosage should be increased to TENORMIN 100 mg given 
as one tablet a day Some patients may require a dosage of 200 mg once a day for optimal etlect. i3 
Twenty-fourhour control with once-daily dosing is achieved by giving doses larger than necessan 
to achieve an immediate maximum effect. The maximum early effect on exercise tolerance occu 
with doses of 50 to 100 mg. but at these doses the effect at 24 hours is attenuated, averaging a 
50% to 75% of that observed with once-a-day otal doses Gf 200 mg...” ee 
Patients with Renal Impairment: Since TENORMIN is excreted via the kidneys. dosage 
should be adjusted in cases of severe impairment of renai function, No significant accumulation of 
TENORMIN occurs until creatinine clearance falls below 35 mL/min/1.73 m {normal range is 
100-150 mi /min/1.73 m2), therefore, the following maximum dosages afe recommended 
lor patients with renal impairment. 


Atenoiol l 
Firnination Halte {h} 


16-27 
">27 


Creatinine Clearance 
(mL /mini 1.73 m2) 


15-35 


«15 


Maximum Dosag 


50mg daily ov is 
50 mg every other da 


?gtients on hemodialysis should be given 50 mg after each dialysis; this should be done under 
hospital supervision as marked falls in blood pressure Can occur. Du 
Cessation of Therapy: ii withdrawal of TENORMIN therapy is planned. it should be achieved 
gradually over a period of about 2 weeks. Patients shouid be carefully observed and advised ta 
hysical activity to a minimam. = ge et UM 
SUPPLIED: Tablets of 50 mg atenolol, NOC 0310-0105 (round, flat, uncoated white tablets. 
identified with ICI debossed on one side and 105 debossed on the oher side, bisected) are supplied 
in bottles of 100 tablets and unit-dose packages of 100 tablets : 
Tablets of 100 mg atenolol. NDC 0310-0101 (round. flat, uncoated white tablets identibed with ICE. x 
debossed on one side and 101 debossed on the other side) are supplied in bottles of 100 tablets ang 
unit-dose packages of 100 tablets. z 
Protect trom heat. light, and mesture ; xj 
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opressor” 


metoprolol tartrate USP 
Tablets 


Smena 
Prefilled Syringes 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 

Hypertension 

Lopressor tablets are indicated for the treatment of hyperten- 
sion. They may be used alone or in combination with other 
antihypertensive agents. 

Angina Pectoris ] 

Lopressor is indicated in the long-term treatment of angina 
pectoris. 

Myocardial Infarction 

Lopressor ampuls, prefilled syringes, and tablets are indicated 
in the treatment of hemodynamically stable patients with defi- 
nite or suspected acute myocardial infarction to reduce cardio- 
vascular mortality. Treatment with intravenous Lopressor can 
be initiated as soon as the patient's clinical condition allows 
(see DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, 
and cete a Alternatively, treatment can begin within 

3 to 10 ams of the acute event (see DOSAGE AN 
ADMINISTRATION). 


CONTRAINDICATIONS 

ypertension and Angina  — ; 

opressor is contraindicated in sinus bradycardia, heart block 
reater than first degree, cardiogenic shock, and overt cardiac 
ailure (see WARNINGS). 

yocardial Infarction 

pressor is contraindicated in patients with a heart rate 

45 beats/min; second- and third-degree heart block; signifi- 
cant first-degree heart block (P-R interval = 0.24 sec); systolic 
blood pressure — 100 mmHg; or moderate-to-severe cardiac 
failure (see WARNINGS). 


WARNINGS 

Hypertension and Angina ' 

ardiac Failure: Sympathetic stimulation is a vital component 
upporting circulatory function in congestive heart failure, and 
eta blockade carries the potential hazard of further depressing 
yocardial contractility and precipitating more severe failure. 
hypertensive and angina patients who have congestive heart 
failure controlled by digitalis and diuretics, Lopressor should 
be administered cautiously. Both digitalis and Lopressor slow 
AV conduction. 

In Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over 
a period of time can, in some cases, lead to cardiac failure. At 
the first sign or symptom of impending cardiac failure, patients 
hould be fully digitalized and/or given a diuretic. The response 
should be observed closely. If cardiac failure continues, de- 
ite adequate digitalization and diuretic therapy, Lopressor 
ould be withdrawn. 


Ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
of angina pectoris and, in some cases, myocardial infarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should 
be carefully monitored. If angina markedly worsens or 
acute rien insufficiency develops, Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruption or discontinuation of 
therapy without the physician's advice. Because coronary 
artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


3 Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
_ SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 

.. BETA BLOCKERS. Because of its relative beta, selectivity, 

however, Lopressor may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot 
“ — tolerate, other antihypertensive treatment. Since beta, se- 
— lectivity is not absolute, a mper agent should be 
jy administered — and the lowest possible dose of 
} Lopressor should be used. In these circumstances it would 

~ be prudent initially to administer Lopressor in smaller doses 
three times daily, instead of larger doses two times daily, to 
avoid the higher plasma levels associated with the longer 
dosing interval. (See DOSAGE AND ADMINISTRATION.) 

Major Surgery: The necessity or desirability of withdrawing 
beta-blocking therapy prior to major surgery is controversial; 
^. the impaired ability of the heart to respond to reflex adrenergic 
~ stimuli may augment the risks of general anesthesia and sur- 

-gical procedures. 

Lopressor, like other beta blockers, is a competitive inhibitor 
.. of beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e.g., dobutamine or iso- 
proterenol. However, such patients may be subject to pro- 

à tracted severe hypotension. Difficulty in restarting and main- 
uve the heart beat has also been reported with beta 
blockers. 

.. Diabetes and Hypoglycemia: Lopressor should be used 
ith caution in diabetic patients if a beta-blocking agent is 
~ ~ required. Beta blockers may mask tachycardia occurring with 
= nypoglycemia, but other manifestations such as dizziness and 
—— sweating may not be significantly affected. 
*- Thyrotoxicosis: Beta-adrenergic blockade n mask certain 
iinical signs its. tachycardia) of hyperthyroidism. Patients 
spected of developing thyrotoxicosis should be managed 
| -arefully to avoid abrupt withdrawal of beta blockade, which 

x ight precipitate a thyroid storm. 
. -* ocardial Infarction 

diac Failure: Sympathetic stimulation is a vital component 
..— pporting circulatory function, and beta blockade carries the 
tentia hazard of depressing myocardial contractility and pre- 
- | pitating or exacerbating minimal cardiac failure. 








































































During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. If heart failure 
occurs or persists despite appropriate treatment, Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

AV Block: Lopressor slows AV conduction and may produce 
significant first- (P-R interval 20.26 sec), second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

If heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
If treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

Hypotension: |f hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta; agonist may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta; agon- 
ists may produce serious cardiac arrhythmias. 
PRECAUTIONS 
General 
Lopressor should be used with caution in patients with im- 
paired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meals. 
If a dose should be missed, the patient should take only the 
next scheduled dose (without doubling it). Patients should not 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined; (2) to contact the physician if any diffi- 
culty in breathing occurs; (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g.. reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, — of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. In 2-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generaily mild focal accumulation of toam mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. Neither gens. represents symptoms of a known 
disease entity in man. In a 21-month study in Swiss albino mice 
at three oral dosage levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more frequently in 
female mice receiving the highest dose than in untreated con- 
trol animals. There was no increase in malignant or total 
(benign plus malignant) lung tumors, nor in the overall inci- 
dence of tumors or malignant tumors. This 21-month study 
was repeated in CD-1 mice, and no statistically or biologically 
significant differences were observed between treated and con- 
trol mice of either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells, a Salmonella/ 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C 

Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers f 
Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 


dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
Hypertension and Angina 
Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities; 
arterial insufficiency, usually of the Raynaud type, palpitations; 
congestive heart failure; epe edema; and hypotension 
have been reported in about 1 of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Veget ji Wheezing (bronchospasm) and De nea have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 
100 patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about 1 of 
100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
eri 100 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 
qoo and dry eyes. Discontinuation of the drug 
should be considered if any such reaction is not otherwise 
explicable. 

e oculomucocutaneous syndrome associated with the beta 
blocker practolol has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear. 

Cardiovascular: |n the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 

Hypotension 27.4% 23.2% 
systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, buta crug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been re- 

poe with other beta-adrenergic blocking yee and should 
e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression pro- 
gressing to catatonia; an acute reversible syndrome character- 
ized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
mM cnn of overdosage have been reported, some leading 
0 death. 

Oral LDsa's (mg/kg): mice, 1158-2460; rats, 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote. 

In general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than other pa- 
tients and should be treated accordingly (see WARNINGS, Myo- 
cardial Infarction). 

On the basis of the pharmacologic actions of Lopressor, the 
following general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. 

Bradycardia: Atropine should be administered. If there is no 
response to vagal blockade, isoproterenol should be adminis- 
tered cautiously. 

Hypotension: A vasopressor should be administered, e.g., 
levarterenol or dopamine. 

Bronchospasm: A beta,-stimulating agent and/or a theo- 
phas derivative should be administered. 

ardiac Failure: A digitalis glycoside and diuretic should be 
administered. In shock resulting from inadequate cardiac con- 
tractility, administration of dobutamine, isoproterenol, or 
glucagon may be considered. 
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